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ON THE FORMATION OF MELANOIDINS 


V.A. Smirnov and K.A. Geispits 
Leningrad Technological Institute for the Beverage Industry 


It is known that amino acids react with sugars [1, 2], whereby the amino group and the carbonyl interact 
with the formation of condensation products of the Schiff*s base type or glucosidic derivatives. 


The reaction takes place over a broad range of temperatures and is hastened by heating, Under physiological 
conditions colorless compounds are obtained; at high temperatures dark-colored substances which are called melanoi- 
dins, In a recent study [3] on the chemistry of melanoidins, the opinion was expressed and the conclusion drawn 
that as a result of the reaction both the amino acids and the sugar are decomposed, whereby the amino acid forms 
the corresponding aldehyde, ammonia and carbon dioxide, while the sugar forms furfural or hydroxymethyl- 
furfural, The latter compounds easily enter into reaction with new molecules of amino acids, forming mel- 
anoidins, In an acid medium melanoidins may be formed from amino acids and furfural (hydroxymethylfurfural), 
which is produced by the action of the acid on the sugars, 


At the same time there is a great deal of literature showing that the reaction proceeds most successfully 


in alkaline medium and that it is strongly retarded as it approaches the neutral point, At this or any stage it 
also takes place in an acid medium, 


EXPERIMENTAL 


We ran experiments to elucidate the role of pH in the acid zone with buffered solutions prepared from 
mixtures of citric acid and disodium phosphate, 


In the first series of tests only glucose was added; 
in the second series glucose and glycocoll, The amount 
of sugar and amino acid corresponded to 7,0 and 0,3 
g/100 ml. 


After keeping in a boiling water bath for 15 
hours and then cooling, the samples were tested for 
final pH and for color intensity (by a calibrated photo- 
mete7), Since the intensity of the color of the solution 
on the formation of melanoidins is increased as com- 
pared with the color of the solution which contains 
only glucose, it is satisfactory for studying the reaction 
to follow it only by measuring the color intensity, and 
without analyzing the sample for the amount of free 
amino groups, 


Before determination of the color intensity 
Dependence of color intensity of solution the solution was brought to pH 4,5, This is import- 
on pH: 1) Intensity of the total color; ant since the color intensity depends to a high degree 
2) Intensity of the color due to non- on pH [4], Earlier it was neglected that decomposition of 
melanoidin products; 3) color from the sugar is independent of the formation of melanoidins 
formation of melanoidins (by difference 
in values of curves 1 and 2). 
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and it was considered that all the color of the solution was dependent only on the latter component, 
ing experiments we also learned this circumstance, 


By devis- 


In the figure three curves are given showing the dependence of the color intensity of the solution of pH: 
1) represents the intensity of the total color; 2) represents the intensity of the color in combination with non- 
melanoidin products; 3) represents the color from formation of melanoidins (plotted as the difference in values 
for curves 1 and 2), The figure shows that at all significant pH values the color intensity of the solution due to 
melanoidins is much higher than the color intensity of the products and acid decomposition of glucose, but in 
precise studies it is not possible to disregard the latter, particularly at pH 6-7 and higher, 


Melanoidins begin to be accumulated at pH above 2,2. 
by an increase in color intensity by approximately 25 times. 


Increasing the pH from 2,84 to 6,74 is accompanied 


The conditions for the melanoidinreaction are more favorable in weakly acid media than in alkaline, 
since all the amino groups exist in an activated (ionic) state: 


NH, COOH == NH; R+COO™ 


— 


+ 
COO™ = NH, R COOH (in acid medium) 


NH; NH, R+ COO™ +H,0 (in alkaline medium) 


On the other hand, independent of the reaction medium the stability of glucose is changed, the maximal 
amount of which exists in the range pH 1,7-4.2, In given pH values melanoidins are absent or present in 
insignificant amounts. On increasing the pH to 7,owing to the epimerizing action of anions of weak acids, which 
are present in buffered solutions, the stability of glucose falls and it is more energetically involved in the 
hydroxymethylfurfural decomposition, Thus, in weakly acid media, sugar tends to shift its position toward for- 
mation of melanoidins, 


It is of both theoretical and practical interest to answer the question,"is melanoidin formed at pH values below 
2.22" A series of experiments were performed to determine this point, 


A weight of glucose of 17.5 g was placed in a 250 ml flask an“ filled up to the mark with a solution 
buffered at pH 0.65. Then 50 ml of this solution was put into each of three flasks and in 2 of them 0,2 and 0,3 g 
of glycocoll was added, respectively, After maintaining 24 hours on a steam bath, cooling and filtering, the 
samples were analyzed for sugar content (after Bertrand) and amino nitrogen (according to the “copper* 
method), The results of the analysis are given in the table, 


Thus in strong acid medium, in spite of the 
considerable amount of hydroxymethylfurfural 
formed and accumulation of color, combination 
with amino nitrogen does not occur. 


Formation of Melanoidin with Respect to pH in 
Strongly Acid Media 


SUMMARY 


Remain- Remaining 
‘ Final | ing sugar| Amino N in The effect of pH on the formation of melanoi- 
Sample pH in% in |%of the dins in acid media (in phosphate-citrate buffered 
original | Original solution) has been studied at the temperature of 


100°, It was found that glucose and glycocoll form 
Initial solution 0.76 100.0 100.0 melanoidins at pH values above 2,2, 
same abe: 0.73 87.2 The intensity of the course of reaction has 
heating been considered with respect to the stability of the . 
Solution + 0.2 g. 0.82 6 98.3 monosaccharide and reaction capacity of amino 
= ening 0.3 g, 0.93 94.6 98.8 acids in weakly acid and acidic media, 
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ON MELANOIDIN REACTIONS IN PRESERVING FOOD PRODUCTS 


A. T. Markh 


Dept. of Biochemistry and Microbiology of the Odessa 
Technological Institute for Food and Refrigeration Industries 


Formation of melanoidins causes a change incolor, odor and taste in various food products and reduces their 
food value by decreasing the sugar and irreplaceable amino acid contents in them, A series of papers concern- 
ing this has been published [1-7]. 


In our first paper [8] it was shown that the formation of melanoidins occurs not only in alkaline, but also 
in the acid media of fruit juices, at a ratio of amino acids to sugars not only of 1: 4 (as stated in the literature), 
but even at 1: 400, Our further investigations more fully illumine the course of melanoidin reactions in citrus, 
grape and apple juices, dried fruit and various canned tomato products, 


The control over the course of reaction of melanoidin formation was established by determining the total 
sugar and reducing sugars by the method of Bertrand, of total nitrogen by Kjeldahl and of amino acid nitrogen 
by the gasometric method of Van Slyke. In fruit juices, an aldehyde determination was also run by a method, 
the basis for which was borrowed from Kretovich and Tokareva [1]. Apart from organoleptic criteria, the color 
of the products was determined by an objective method on the iodine scale and also by using an electrophoto- 


colorimeter and Marten's spectrophotometer, In a series of tests the presence of carbon dioxide, water and also 
the change in the amount of colloids was determined, Beside the effect of sulfurous acid on the course of the 
melanoidin reaction, an effect was also found for ascorbic acid in various concentrations. 


Like the model melanoidin solution prepared by reaction of chemically pure amino acids and sugars, fruit 
juices, tomato products and other conserves, in which the enzyme systems have been inactivated on sterilization 
and the absence of their regeneration shown, darken on keeping and the content of amino acids and of sugars de- 
creases regularly in them, Grape juices, which are richest in amino acids (0.14%) and sugars, darken faster and 
more intensely than apple juices (0.034% amino acids), 


The darkening of tomato products is faster on standing at higher temperatures and increased concentration 
of dry material, whereby for the loss in amino nitrogen, on standing for 9 months, there is a corresponding in~- 
crease, as may be seen from the following data. 


Analogous to the amino acid nitrogen, the con- 
tent of reducing sugars is reduced, Particularly changed 
in the process of storage are the highly concentra- 
Demste hice ted tomato pastes (75-80% of dry material), as may 
be seen from Table 1. 


Tomato Products emperature on Standin 


Tomato puree 


‘Tomato paste Sulfurous acid, added to the juice (0.1%) before 
(27% dry materials) 14,7 heating or placement for prolonged storage, added to 
fruit in the process of preliminary treatment before 
drying, or added to tomato puree before drying in a 
vacuum desiccator, markedly reduces the intensity of darkening and contributes to the natural appearance of the 
product on keeping. To explain the inhibiting action of sulfurous acid only by its combining with the carbonyl 
group of the sugars would be wrong. In fruit juices, with sugar concentrations ~ 20%, sulfurous acid combines 
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with more than 50% of the glucose, whereby there is formed chiefly an unstable, easily dissociated glucososul- 
furous acid, Fructose under these conditions remains free, taking last place in the sugar series for capacity to 
combine with sulfurous acid. Whereas formation of melanoidins almost never occurs in the presence of sulfur- 
ous acid, fructose reacts with amino acids more quickly and more actively than glucose, giving a dark-colored 
melanoidin, 


The action of sulfurous acid appears not only in the reactions for combining with sugar, but also in con- 
nection with intermediate, still not colored products of aldehydic character, the formation of which in the 
melanoidin reaction was demonstrated by Kretovich and Tokareva [1]. If in the production of fruit juices which 
are to be dietetic products, sulfitation can have a limited use, then in preparing dried products, concentrated 
tomato products or other canned goods of an acid character, this primarily preliminary treatment of the raw 
material can achieve a broader application, 


Ascorbic acid exhibited a conisderable effect on the reaction of melanoidin formation; at optimal con- 
centrations (30-100 mg%) it slows down the darkening of juices and other products and also contributes to their 
natural aroma and taste on canning and increases their food value thereby. 


TABLE 1 


q Changes Occurring in Highly Concentrated Tomato Pastes in Preserving Process Under Various Conditions 
i Characteristic Appearance Photocolorimeter | Colloid Content |Amine Reducing sugars 
4 ‘Lvalue in % N 
; hosp Acetone in % of dry wt. of solids 
ed extract 
Dark, kept at 17-20° 72-80% | 71 60 6.94 0.353 56.40 
7 Humidity Light, kept at 2° 32 35 5.12 0.941 61.96 
: Very dark, kept at high temp.| 89 60 6.36 0.308 29.9 
4 Dark, kept at low humidity | 52 58 6.30 0.492 53.88 
; Light, kept at 2° 37 39 5.28 0.582 59.80 
Dark, kept at high humidity 66 48 7.21 0.227 24,50 
Lighter, kept at 17-20° and 
18-82% humidity 36 42 6.92 0.259 56.25 
Light, kept at 2° 30 40 6.10 0.496 58.85 


In the process of keeping (at 15°) orange juice, which contains on the average 8.4% sugar and 0,09-0.12% 
amino acids, with parallel low vitamin C content (from 25-35 mg% to 10-15 mg%) in the juice and increased 
amount of vitamin P, the amount of sugars and amino acids decreases, the organoleptic properties deteriorate, 
the juice acquires a definitely cooked taste and turns a light yellow color, 


Concentration of the juice or increasing its pulp, which contains a greater amount of amino acids (0.25- 
0.3%) in it, leads to a more intensive formation of melanoidins, Moderate vitaminization~50 mg%) improves 
the quality of the juice, which changed very little on keeping up to 12 months after addition of the ascorbic 
acid, 


To study the effect of ascorbic acid on the quality of grape juice, samples were prepared from a series of 
varieties of southern Ukrainian and Moldavian grapes, which differed in natural color, sugar content, acidity 
and other characteristics, In Table 2, values are presented which characterize three kinds of juice, 


Addition of 50 mg% of ascorbic acid positively influenced the juices described, which after keeping 14 
months retained their original color, At the same time the control samples had all without exception acquired 
a darker brownish shade, The taste and aroma of the samples containing ascorbic acid, in contrast to the con- 
trols, remained close to that of fresh juice. Also characteristic of juices with ascorbic acid additions is their 
capacity for better clarification or more rapid filtration, due to the decrease in total amount of colloids in them 
at the expense of melanoidins, 


In juices containing ascorbic acid, there are also retained greater amounts of tannins (Table 2), Hence, 
ascorbic acid inhibits the oxidation of tannins or is capable of reducing them. 
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TABLE 2 


Characteristics of Juice from Different Kinds of Grape and the. Effect of Storage on Their Tannin Content 
N) storage; O) on storage with ascorbic acid; K) on storage without ascorbic acid 
Kind of Grape Color 


Amino acid Sugar 


Rkatsiteli 1.17 14-19 


0.025 


Golden 
0.023 
0.043 


0.097-0.042 
0.039 


0,057 
Kopchak 


N 


0.039-0.047 Pale red 


K 


0.057 
oO 0.074 


Retention of ascorbic acid after keeping juice a year or longer is inconsistent and depends on the kind of 
grape, its acidity, ascorbic acid oxidase activity, method of corking, etc, Thus, in “Rkatsiteli® having a higher 
acidity and lower ascorbic oxidase activity, after 14 months storage retains 50% of the ascorbic acid added (25 
mg%). In the same period with juice from the varieties “Lydia” and “Kopchak" only traces of the vitamin are 


retained, In spite of the decomposition, however, the ascorbic acid exerted its positive effect for both these 
varieties, 


In the production of apple juice (cider) the first cause for the change of its natural color is the biochemi- 
cal process of oxidation of tannins and their conversion into colored phlobaphenes, a process which proceeds 
rapidly in air in broken whole tissues, From our studies of different kinds of apples by far the most rapid rate 


of darkening was observed with the "Renet" variety; and the slowest with “Antonovki", while “Fitovka” was 
average, 


Addition of 50 mg% of ascorbic acid to the apple mass immediately after crushing considerably improves 
the color of the apple juice, which before sterilization took place was nearly natural. After sterilization, how~- 
ever, and particularly in the process of storing such juice, when it lost approximately half or more of the ascor- 
bic acid added, it began to darken, This darkening of the juice impaired its quality considerably more than the 
darkening due to oxidation of tannins, The tannin oxidation products did not change the aroma and taste of the 
juice (only a very great amount of phlobaphenes impart a somewhat burnt taste to the juice), but the darkening 
after heat-inactivation of the enzymes, resulting from formation of melanoidins, impaired taste and odor as well 
as color, Therefore we set up experiments in which the ascorbic acid was added in two portions: 30-50 mg% 
after crushing and as much again just before sterilization. Such juice usually retains its natural properties well; 
after 3-4 months storage about 60% of the ascorbic acid which was added to it remains. 


Aldehydes, which are formed on vacuum distillation of juices, are a factor in characterizing their aroma 
to a recognized content; furthermore, in pasteurization of juice, this index is connected with melanoidin forma- 
tion, The character of the change in this index may be seen from the data in Table 3, At temperatures not 
above 50° the largest part of the primary aldehydes of the juice is contained in the first distillation, In juices 
which have been kept a long time the aldehyde content is increased in connection with the process of melanoidin 
formation. The first cuts have a characteristic odor for every kind of fruit; in the subsequent cuts the amount of 
aldehydes is decreased, its natural aroma considerably weaker and fortified by odors foreign to natural juice; 
often a positive reaction for furfural is given. 
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TABLE 3 
Results of Analysis of the Distillation Products from Juice 


Name of juice No, of Dist. Aldehyde | Organoleptic evaluation Presence of 
time after prod, prep. temp. content furfural 
in deg. 


Grape juice “Pinogri®; 50 Characteristic No 
solid material 24%, 50 Same, but weaker 
analysis 22 months 40 Weakly bread-like Yes 
after production 40 Tastes slightly raisin-like No 


Grape juice “Shasla-rose"; 42 Characteristic No 
analysis 32 months 2 50 Same, but weak Yes 
after production 40 Tastes distinctly bread-like Yes 


Apple juice; dry 52 Characteristic No 
material 12%, analysis 52 Same, but weaker Traces 


8 mos, after production 40 Aroma and taste of cooked Traces 
juice 


Orange juice "Unshy®*; 42 Aroma characteristic, bread- Yes 
like taste 
analysis 30 mos, 50 Aroma and taste of cooked Yes 


after production 40 Definite bread taste, weak 
characteristic aroma 

Considering that apart from furfural, pyrrole derivatives [ 8] are also among the normal products of direct 
melanoidin reaction, we made experiments heating juice on a steam bath under a reflux condenser at ~100° for 
many hours, The different samples of grape juice turned noticeably dark upon heating 2-3 hours; after 4 hours 
the odor of rye bread was noticed and furfural was detected; after 10-14 hours a qualitative reaction confirmed 
tie formation of pyrrole rings. Apple juice turned quite dark on heating and the formation of furfural was 
detected after 6 hours of heating, but it retained considerably longer than grape juice the natural aroma of the 


fresh fruit together with melanoidins, The pyrrole residue did not always appear and then only after 18-20 hours 
of heating. 


Formation of furfural and pyrrole derivatives in the standard melanoidin solutions can be characterized 
with this data: 


Time of heating in hours Color in mg of 
fodine/ml of solution 


Furfural 16 2.3 
Pyrrole 24 6.4 


The activity of pyrrole, its ability to form yellow-brownish products in air, its significant role in nature, 
in particular in the formation of tryptophan, which appears to be the cause of melanoidin color, predetermines 
the importance of pyrrole in the formation of melanoidins, The capacity of pyrrole on heating in an acid solu- 
tion to decompose partially with formation of ammonia and insoluble “pyrrole red" is possibly the cause of 


the loss of total nitrogen sometimes observed on formation of melanoidins, and the source of the dark-colored, 
insoluble material isolated, 


It can be seen from the data of Table 4 that when dark-colored melanoidin products are obtained there is 
a reduction of total nitrogen by Kjehldahl determination, The reduction of total nitrogen in definite stages in 
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the formation of champagne, observed by Oparin and Kursanov [9, 10] is possibly connected with the formation 
therein of substances which are obtained by reactions analogous to the melanoidin reaction, Samples of all forms 
of juices — fresh, after standing and heating — were subjected to spectrophotometric analysis, In this way light 
absorption curves for different samples of juice were compared with the light absorption curves of standard solu- 
tions of melanoidins, 


TABLE 4 
Total Nitrogen Content in Solution on Formation of Melanoidin (in %) 


Solution composition Before heating After heating Deviation in % of 
initial content 


Glucose + Glycine 


Glucose + Glycine + Ascorbic acid 


Glucose + Glycine + Ascorbic acid + 
+ Citric acid 


The determination of absorption was carried out at 15-20 points in the yellow and blue portions of the 
spectrum, The data is expressed in change in percent of absorption, on the basis of which curves were plotted 
(Figures a, b and c), On examining these curves, it may be seen that cider gives the minimum difference in 
adsorption before and after heating. A sharp rise is obtained only at the end when absorption at 440my equals 
82%, Orange juice after heating gives in the beginning twice the absorption in the yellow part of the spectrum, 
and then three times more than the control sample. In the blue part of the spectrum the percent of absorption 
indicates whether there is a vigorous rate of melanoidin reaction. Grape juice after heating, gives three times 
greater absorption in the yellow part of the spectrum than the control, and only at the end, does the difference 
in the blue part fall to twice the absorption index, Lemon juice approaches most nearly to the intensity of 
absorption in the standard solutions of melanoidins, Grape and orange juices are somewhat different from the 
standard solution, and the greatest divergence is observed in cider, 


% absorption 
% absorption 
§ 8 


400 500 


600 


wavelength my wavelength mp 


Absorption curves for fruit juices, 

a: 1) Standard solution; 2) cider unheated; 3) grape juice unheated; 

b: 1) standard solution; 2) cider unheated; 3) grape juice unheated; 

c: 1) standard solution; 2) lemon juice (heated) 3) orange juice unheated; 4) orange 
juice heated, 


The absorption curves for heated juices is markedly different from that for nonheated juices or approximates 
that of the standard melanoidin solution, To expect complete correspondence, of course, is impossible — it cannot 
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occur because of the different qualitative and quantitative composition of melanoidins in the juices and in the 


standard solutions, and beyond that owing to the other substances apart from melanoidins present in the juices 
which absorb light in the same region of the spectrum, 


The results of spectrophotometric investigation of orange juice after keeping it 2.5 years showed that be- 
tween the heated and unheated forms of this juice there is not as much difference as in the other forms, This is 
explained by the fact that on prolonged keeping the formation of melanoidins proceeded directly and for the 
most part, exhausted the amino acid groups, as can be seen from the data in Table 5, 


TABLE 5 


Amino Acid Nitrogen Content in Orange Juice Under Various Conditions (in %) 


Nature of the juice 


Fresh orange juice 
Orange juice kept 2,5 years 


Orange juice kept 2.5 years 
heated 6.5 hours 


Confirmation is also given not only by the color, but also by the odor and taste of the orange juice and the 
aldehyde content in its distillate, 


At higher aldehyde contents, the intensity of the process of melanoidin formation, characteristic for citrus 
juices, is tied up with peculiarities in its chemical composition, In citrus plants flavonic glucosides are contained, 
in particular, hesperidine and its chalcone with characteristic -CO—CH =CH— groupinge Compounds with such 


groups react very actively with a-amino acids, which leads to the formation of aldehydes containing one carbon 
atom less than its initial amino acid, 


Thus, the results of studying different fruit juices as well as tomato conserves and dried fruits, confirms the 
presence of melanoidins in them, which usually are accumulated in the process of long storage, For better 
quality conserves, it is necessary to keep heat treatment, usually repeated, to a minimum, and to use broadly 
cold storage or other measures, which contribute to the retention of the natural properties of the product. 

SUMMARY 


The basic causes of darkening and change in aroma and taste in different fruit and vegetable conserves is 
the formation of melanoidins, resulting from the concentration of solids in the product. 


Ascorbic acid retards the formation of melanoidins and prevents the oxidation of tannins, Therefore 


ascorbic acid (and also sulfurous acid) can be used in given concentrations for improving color, aroma and taste 
of some products, 


In fruit juices, the amount of aldehydes formed increases parallel with the formation of melanoidins; deri- 
vatives of furfural are formed and subsequently of pyrrole. 


Spectrophotometric measurements gave curves the character of which was related to the chemical indices 
of the melanoidin reaction, in particular to the amine nitrogen content, 
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INVESTIGATION IN THE FIELD OF STRUCTURE AND CHEMICAL COMPOSITION 
OF PROLAMINES 


THE AMINO ACID CONTENT OF HORDEIN FROM BARLEY AND OF AVENIN FROM OATS 


V.M. Kolesov and M.S. Reznichenko 
Chemical Department of the F, Engels Leningrad Institute of Soviet 
Commerce, and the Department of Physical and Colloidal Chemistry 


of the Tomsk Medical Institute 


The need for a detailed investigation of the amino acid content of the prolamines of barley and of oats 
stems from the broad significance of these cereal crops in the national economy. 


On the basis of the size of the acreage planted and harvested, oats take third place in the USSR, surpassed only 
by wheat and rye [1]. Barley-on the basis of its sowing,takes fourth place in world agriculture, The USSR 
possesses by far the largest acreage of this crop in the world [1}. 


In their chemical composition the cereals barley and oats approach that of wheat and rye, The data, 
however, which characterizes the amino acid content of the grain proteins is extremely limited, In particular, 
there is no amino acid analysis of the principal alcohol-soluble proteins of barley and oats, hordein and avenin, 
In the basic works of applied biochemistry, the monographs of Kozimina and Kretovich [2] and Block and Bol- 
ling [3] data quoted on the quantitative content of amino acids in both prolamines is far from including all the 
amino acids, There are no data in the sources cited [1] on the presence in hordein and avenin of such 
fundamental amino acids as threonine, serine and methionine, There are even fewer substances referred to at 
present in the book by Block and Bolling, Until now the question of the presence of lysine in hordein has not 
been resolved, The amino acid content of hordein was studied by Kleinschmidt [4], The literature, however, 
which covers this period of the investigation of proteins are practically obsolete, 


TABLE 1 


Rf Values for Some Amino Acids in Different Solvent Mixtures 


Solvent 


Pyridine-Acetic Acid 


Amino Acid Butanol-Acetic Acid 


Valine 0.41 
Methionine 0.41 
Aspartic acid 0.14 
Glutamic acid 0.17 
Threonine 0,18 
Serine 0,15 


As a result of this situation we have undertaken to investigate the qualitative and quantitative amino acid 
content of hordein and avenin by means of two-dimensional paper chromatography. 


665 


My, 
a 
a 
F 
id 
2 


EXPERIMENTAL 


The technique used for the qualitative analysis of both prolamines was identical with that method we 
adopted earlier for the chromatographic identification of the amino acids in the hydrolyzates of the gliadins of 
wheat and rye [5]. Preparations of hordein and avenin were made by the method of Osborn as modified by 
Kizel [6] from standard varieties of barley ("Local Narymsky” of the 1948 harvest in the Tomsk region) and oats 
("Development G-194" harvested in 1949), Hydrolysis of the proteins was carried out with 20 % HCl in sealed 
ampoules heated on a water bath for 6-8 hours, After the precipitated humins had been removed and HCl elim- 
inated, the neutral hydrolyzate was diluted to a volume of 3 ml, Then 0.005-0,02 ml of the hydrolyzate was 
poured on a sheet of chromatographic paper ("rapid" from the Volodarsky mill in Leningrad), 


To develop the chromatogram the following solvents were employed: 1) a mixture of pyridine, acetic 
acid and water (15: 5: 3), and 2) a mixture of butanol with acetic acid saturated with water (4: 5:1), 
following which the chromatograms obtained were treated with 0,2% solution of ninhydrin in ethanol, The devel- 
opment lasted in different cases from 8 to 20 hours in solvent mixture 1 and from 20 to 26 hours in solvent 


mixture 2, For development of the color, spraying of the chromatogram with ninhydrin was maintained from 
24 to 48 hours at room temperature, 


We refrained from heating the chromatogram to 80°, since this heat regimen usually was injurious for 
the extremely labile yellow pigment which was formed on spraying the proline spot. In such heating the color 
turns dark brown, which distorts the results in the quantitative determination of proline, 


TABLE 2 


Amino Acid Content in Hordein and Avenin 


| Our data in % From Kozmina and Kretovich [2] 
Amino Acid in % 


” Avenin Hordein Avenin 


Glycine 1,6 0,0 
Alanine 2.1 1,8 2.5 
Valine ( + Methionine) 3.7 1,4 1.8 
Leucine 7,0 15.0 
Glutamic acid 18,4 
Serine 8.0 
Threonine 
Proline 
Phenylalanine 6.3 
Lysine 
Histidine 
Arginine 2,2 

Total content 91.0% 93.8% 


On the chromatogram both proteins had formed 15 distinct spots, and 16 different amino acids could be 
identified from the values of R¢, since the spots for valine and methionine nearly coincide in the mixture of 
solvents used (Table 1), In Table 1 precise values are given for R¢ for some additional amino acids; the R¢ of 
the remaining amino acids were given in our previous paper [5]. 


DISCUSSION OF RESULTS 


As a result of the analyses performed it was established that there are 16 different amino acids present in 
hordein and avenin: glycine, alanine, leucine, lysine, histidine, arginine, glutamic acid, cysteine, serine, 
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phenylalanine, valine ( + methionine) and aspartic acid, Thus the whole group of the amino acids may be said 
to be present in both prolamines (in combination with the leucine group are isoleucine and proline- oxyproline 


as well as tryptophan, which is destroyed on hydrolysis) as components of rich proteins both of animal and of plant 
origin, 


In the figure the surface part of the chromatogram for the hordein hydrolyzate is shown, For purposes of 
quantitative determination of the amino acids contained in the hydrolyzates from hordein and avenin we used the 
elution method on five chromatograms and direct colorimetry on the eluates (after adding a few drops of 0.3% 
CuSO,) against standard solutions of the amino acids, as had been described in previous work [5]. 


The amount of these amino acids was determined, the spots of which could be “stretched out” and com- 
pletely separated from one another by 20 hours development in a mixture of pyridine and acetic acid, Placed 
dose to the other amino acids are: the spot of aspartic acid, and the spot of cystine which Is less (with respect to 
the hydrochloric acid hydrolysis) as well as the pale colored spot of tyrosine, which could not be determined 


‘Surface portion of the chromatogram of the hordein hydrolyzate solvents: 
(from right to left) pyridine - acetic acid; (from above down) butanol - 
acetic acid, 1) cystine, 2) lysine, 3) histidine, 4) arginine, 5) 


aspartic acid, 6) glycine, 1)serine, 8) glutamic acid, 9) threo- 
nine, 10)alanine, 11) proline. 


with sufficient accuracy under our experimental conditions, This connection we made a quantitative deter- 
mination on 12 (out of a total of 15) of the amino acids identified in hordein and avenin. 


In Table 2 are given the average values (from 5-8 parallel determinations) for the amount of amino acids 


found, Some specific reservations apply to the data for the methionine and valine content. According to the 
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paper of Springer and Quentin [7], a considerable amount of the sulfur-containing amino acids and in particular 
of methionine, is destroyed when they are subjected to hydrolysis in 20% HCl, This, combined with the fact 
noted above that the rate coefficient for the movement of methionine and valine falls, made it impossible to 
determine methionine under our experimental conditions, 


On examining the data in Table 2 it should be noted that there is in both proteins a particularly high 
glutamic acid content, reaching about 50% of the total amount of amino acids present. With the exclusion of 
lysine, serine,and proline, the value for the content of the remaining 9 amino acids in both proteins studied is 
relatively lowe (The lower content of leucine and proline in arenin as compared with hordein is pointed out, as 
well as the lower content of serine in hordein as compared with avenin.) 


On comparison of the amino acid contents of hordein and avenin with the amino acid contents of analogous 
preparations reported by other investigators (Table 2, last two columns), it should be noted that there is a 
divergence in the values for glutamic acid, lysine, leucine, and phenylalanine in the avenin preparations from 
different determinations and in lysine and glycine in hordein, The latter two amino acids, according to the 
data of the authors cited [2], are completely absent in hordein, Threonine and serine are also reported present 
for the first time in the proteins of oats and barley which we have studied, 


On comparing the amount of some amino acids (contained in the samples of avenin and hordein we examined) 
with the amount of these amino acids in the related prolamines of wheat and rye, attention is drawn first to the 
increased content of glutamic acid (50% against 42-43%) as compared with gliadins of wheat and rye, and then to the 
higher content of phenylalanine and somewhat lower content of threonine [5]. 


As may be seen from all the foregoing material, the two proteins we studied contain a full range of amino 


acids (with the exception of tryptophan) and, consequently, the cereal crops whose proteins we have studied are 
sufficiently rich in nutritive value, 


Further investigation will be directed toward precise determination in both proteins of methionine and 
tryptophan and to determination of N- and C- end groups of these important prolamines, 


SUMMARY 


Qualitative and quantitative amino acid determinations have been made on hordein and avenin by 
means of paper chromatography. Thus, in the alcoholic solutions from proteins of both oats and barley, 

16 amino acids were discovered to be present: glycol, alanine, leucine, lysine, histidine, arginine, glutamic acid, 
cystine, proline, tyrosine, thereonine, serine, phenylalanine, valine ( + methionine) and aspartic acid, 


A considerable amount of glutamic acid was found in both hordein and avenin, reaching 50% of the total 
amount of amino acids present, and also higher amounts of other amino acids, for example, phenylalanine and 
arginine in hordein, The discovery of lysine (1.1%) in hordein refutes previous work showing the absence in 
the given protein of this important amino acid, As may be seen from the data presented, hordein of barley and 


avenin of oats are characterized by a satisfactorily full amino acid content, which speaks for the high nutritive 
value of the prolamines we have studied, 
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SOME DATA ON THE CHEMICAL COMPOSITION OF BRUCELLA 


E.M. Gubarev, E.K. Alimova and G.D, Bolgova 


Dept. of Biochemistry, Rostov-on-Don Medical Institute - 


The many-faceted biochemical investigations of Brucella and studies on the immunochemical properties 
of these cells have expanded greatly in recent years, The nutritional requirements of Brucella have been studied 
in detail, as well as their metabolic properties, which are important for differentiating the varieties of this mi¢ro- 
organism, A smooth pattem of antigenic structure of Brucella has been established, based on the difference in 
amino acid contents in serums both normal and, immune to brucellosis [1]. 


Knowledge, however, of the chemical composition of Brucella is still inadequate and some data concerning 
this which we have obtained as a result of studying Br, abortus, Br, suis, and Br, melitensis, may hold interest in 
relation to further study of the metabolic processes in these microorganisms, 


All three varieties of Brucella were obtained by growing the cells on Martenovsky bouillon in the brucellosis 
section of the Rostov Antiplague Institute. Cultures studied were 3 and 30 days old, The nutrient medium was 
separated from the bacteria by centrifugation, after which the cells were washed with physiological salt solution, 


and distilled water and dried in a drying oven at 37°, The whole amount at our disposal was about 10 g of each 
form of Brucella, 


TABLE 1 


Relative Lipid Content for Three Different Brucella with Respect to Growth (Amounts of 
lipids in % of Dry Cultures 


3-Day Culture 30-Day Culture 


Type of 
Brucella Ether 
Ext, 


Br, suis 
Br. abortus 
Br. melitensis 


Extraction of the free lipids was performed in turn with ether and chloroform in a Soxhlet extractor, This 
process took 15 hours with each solvent, Removal of the solvent from the lipid extracts was carried out in a 
stream of CO,,after which the lipids obtained were dried to constant weight (at 105°), 


The residual bacterial body was treated with dilute sulfuric acid (2: 1) for an hour, _ The lipids liberated 
by acid hydrolysis were extracted with ether, The ethereal extract was washed free from acid with distilled water 
(to a neutral reaction with methylred) and dried over anhydrous Na,SO,. Removal of the solvent and further 


treatment of the extract was carried out under exactly the same conditions as applied to the free lipids first obtained, 
The fraction obtained was labelled as combined lipids, 
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Attention should be called to the fact (Table 1) that the increased amount of lipids resulting with growth 
of the culture, which is characteristic for all bacteria, occurs not only with the different forms of Brucella, but 
is independent of individual conditions of growth, Thus, for Br, suis the total lipid content in the 30-day culture 
has increased as compared with the 3-day culture by 1,77 times, that for Br. abortus by 2,57 times, and for Br, 
melitensis by 3 times, 


The total amount of nitrogen was determined in cells of the three different species of Brucella from both 
3 and 30 day cultures, In this we could conveniently combine determination of the nitrogen content both in 
defatted and in whole cells, . 


TABLE 2 


Total Nitrogen Content in Brucella¢n % of dry weight) 
30 Day Cuiture 


Br. suis 
Br. abortus 
Br. melitensis 


It is of interest to note (Table 2 that the defatted bacteria contained in every case a greater amount of 
nitrogen than the whole cells; this difference is displayed particularly clearly in the cells from the 30-day 
culture, 


The qualitative amino acid content of the three different Brucella species was examined by the method 
of two-dimensional paper chromatography. 


The hydrolyzate for chromatographic analysis was prepared in the following way:~30 mg samples of 
each form of Brucella were placed in ampoules into which about 1 ml of 6N HCl was then poured, The 
sealed ampoule was heated on a water bath for 24 hours, The hydrolyzate was rinsed out with water, and freed 
from huminous material by filtering, The filtrate was evaporated to dryness on a water bath, dissolved in water 
and again evaporated, This process of evaporation and redissolving was repeated until hydrochloric acid was 
completely removed, The dry residue was dissolved in 0,5 ml of distilled water. For chromatography, 
samples of 0,01 ml were used, 


We studied both aqueous and nonaqueous systems, § The cell for aqueous chromatography comprised two 
fermentation flasks placed one on top of the other with open ends, _In one flask was placed a Koch flask with 
the moving solvent. The mixture was poured into the free space between the cup and the wall of the flask, 
serving to saturate the atmosphere of the flask, A sheet of filter paper was coiled into a spiral and inserted in 
this form using a special glass holder, 


The nonaqueous chromatography was performed in a special wooden vessel, the internal surface of which 
was covered with a layer of paraffin. On a special holder in the top part of the vessel were fastened trays made 
of stainless steel in which the moving solvent was poured, A cup containing a substance for drying the atmos- 
phere was put in the second vessel, 


As solvent was used a butanol-acetic mixture saturated with water, and phenol saturated with water and 
containing 0.1% hydroxyquinoline, Partition of the phenol was carried out in an ammoniacal atmosphere (0.1%). 
Detection of the amino acids on the chromatogram was done with a 0,1% solution of ninhydrin in butyl alcohol 
saturated with water, For comparison of the spots developed, a chromatogram obtained with different mixtures 
of standard amino acids was used, 


Below are shownschematically the chromatograms obtained, In Figs, 1 to 4 may be identified on the 
chromatogram: aspartic acid, glutamic acid, cystine, serine, glycine, threonine, alanine, tyrosine, valine, the 
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leucine group, the lysine group (histidine), and arginine. | As may be seen from the diagram given, the chromato- 
grams obtained with hydrolyzates of the three different Brucella appear to be completely identical. 
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Figure 1, | Nonaqueous chromatograms of hydrolyzates from 3 day 
Brucella cultures (schematic): 

a) Br, abortus b) br, melitensis c) Br. suis; 1) aspartic acid; 
2) glutamic acid; 3) cystine; 4) serine; 5) glycine; 6) threonine; 


7) alanine; 8) tyrosine; 9).valine; 10) leucine group; 1) lysine; 12) 
arginine. 
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Figure 2, Aqueous chromatograms (schematic) for hydrolyzates of 3 day Brucella 
cultures: cystine; 2) aspartic acid; 3) glutamic acid; 4) serine; 5) glycine; 6) 


threonine; 17) alanine; 8) tyrosine; 9) valine; 10) leucine group; 11) lysine; 12) 
arginine. 
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Fig. 3. Nonaqueous chromatograms of hydrolyzates from 30 day 
Brucella cultures (schematic): 1) aspartic acid; 2) glutamic acid; 
3) cystine; 4) serine; 5) glycine; 6) threonine; 7) alanine; 8) 
tyrosine; 9) valine; 10) leucine group; 1) lysine; 12) arginine, 


butanol- 
Acetic mixture 


butanol- 
Acetic mixture 


2 
Phenot Phenol +MH, 


2 46 
ee 


Acetic mixture 


butanol- 


Fig. 4. Aqueous chromatograms for hydrolyzates from 30 day Brucella cultures 
(schematic): 1) cystine; 2) aspartic acid; 3) glutamic acid; 4) serine; 5) 
glycine; 6) valine; 7) alanine; 8) tyrosine; 9) valine; 10) leucine group; 
11) lysine; 12) arginine, 
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The amount of phosphorus and in particular its distribution in the bacterial cells has substantial meaning is 
for characterizing them, Hence we studied the phosphorus content in both whole and defatted cells from 3 and . 
30 day cultures by the gravimetric method (Table 3), 


It was found as anticipated that whole cells from 30 day cultures contained 1,5-3 times as much phosphorus 
as defaited cells, which correlates with the greater amount of lipids in them. 


Nucleic phosphorus was determined by the Belozersky method [2]. In this determination approximately 
equal amounts of nucleic phosphorus are present in cells from 3 and 39 day cultures, In Br, abortus cells 
0,82 and 0.83%; Br, suis 1.03 and 0.93%; Br. melitensis 0.89 and 0.86%. The values do not show any significant 
difference in nucleic phosphorus content among the three different species of Brucella, 


As may be seen from Table 4 the ash content decreases markedly in the defatted Brucella cells, which is 
probably due to the high content of mineral material (phosphorus) in the lipid portion. 


The principal part of the bacterial cells consists of carbohydrate, The latter component was determined in 
a sample of dry bacteria after 4 days hydrolysis by 2N HCl, The hydrolyzate was put into a 25 ml measuring 
flask, The protein was precipitated by adding a 10% solution of phosphotungstic acid and the hydrolyzate was 
diluted to a volume of 25 ml _ with distilled water. 


The amount of reducing material was determined in 2 ml of filtrate by the Hagedorn-Jensen method. 


The acid filtrate was first neutralized with a solution of sodium hydroxide (the amount of alkali needed to 
neutralize was established on a separate sample,using methyl orange ), 


In this way the following amounts of reducing substances were determined in the given bacteria from 3- and 
30-day cultures expressed in % of glucose based on the dry weight of the nondefatted cells: Br, abortus 4.21-3,21; 
Br, suis 4,36-4,23; Br, melitensis 3,97-4.42. These results show that the cells of all these varieties sties of Brucella 
contain almost identical amounts of reducing substances, chiefly carbohydrates, But, furthermore, it may be 
concluded that the amount of carbohydrate in Brucella is relatively insignificant as compared with other pathogenic 


bacteria, 


SUMMARY 


In cultures of Br, abortus, Br, suis, and Br, melitensis, grown on Martenovsky bouillon, the total amount of 
lipids in 30-day cultures comprises over 10% of its dry weight; in 3-day cultures it is from 1.77-3 times less, 


Using the paper chromatography method the amino acid content of whole cells from these three species of 
Brucella was found to be identical, In them were detected: aspartic and glutamic acids, cystine, serine, glycine, 
threonine, alanine, tyrosine, valine, the leucine group, the lysine group and arginine, 


The phosphorus content in whole cells from 30-day cultures is from 1, 5 to 3 times higher than in defatted 
cells, which corresponds to the greater quantity of lipids in them. The nucleic phasphorus, determined by the 
method of Belozersky, comprises 0.82-1.03% of the dry weight for all three species of Brucella. The ash content 
falls sharply in defatted Brucella cells, which is probably tied up with the high mineral content of the lipid 
component, The reducing substance content inthe products of cell hydrolysis from 2 and 30 day cultures 
respectively, is for Br. abortus 4,21 and 3,21%; Br. suis 4,36 and 5,23%;and for Br. melitensis 3.97 and 4.42%. 
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NEW ACIDS FROM THE PRIMARY OXIDATION OF SUGARS 
IN LEGUME PLANTS 


S. V. Soldatenkov and T. A. Mazurova 


(Dept. of Plant Physiology A. A. Zhdanov State University in Leningrad) 


Organic acids of important species of legume plants have been studied but poorly. Citric acid has been 
discovered in their seeds [1, 2]; according to Chesnokov [3]; it constitutes up to 13.5% of the dry weight of the 
plants in the leaves of phaseolus and bean, 


In the present work results are reported on the study of the acid content of the leaves of further abundant 
bean plants: _ phaseolus (kidney bean), bean, pea, clover and vetch, 


The organic acid content was determined by a method we developed for grain [4], The results of the 
analysis given in Table 1 show that the leaves of legumes contain from 8 to 12% of organic acid in the form of 
salts; in them citric and malic predominate, constituting from 50 to 80% of the total quantity of acid. The 


volatile acids consist of acetic; there is 0,3-0,5% of oxalic. Clover and pea leaves are characterized by a 
marked predominance of malic acid, 


As may be seen from Table 1 the leaves of all the legumes contain a considerable amount of unknown acids; 
in the leaves of vetch it constitutes almost half. These acids display the properties of lactones and possess 


optical activity. The facts established impelled us to be concerned with a detailed study of their composition 
and properties, 


TABLE 1 


Organic Acids in the Leaves of Legume Plants In % of Air Dried Weight 


Plant Total 
_ Acid Citric Malic Volatile | Unknown 


Kidney bean Saska species 12,00 5.05 2.63 0.39 6.00 
Shedraya species 11,00 4,06 2.97 0,57 3,10 
Multicolored species 9,00 3,31 2.30 0,27 2,17 
Broad bean 8.50 3.80 3.42 0.09 1,00 
Broad Bean 6,00 1,77 2.00 0.36 2.47 
"Rostov" peas 4,99 1,23 2.94 0.35 0.47 
Red clover 8.99 1,27 3.78 0.63 2.82 
Red clover 8.44 2.52 4,04 0.40 1,48 
Vetch 8.96 2,34 1.77 0,41 4,12 
Vetch 8.40 2.60 1,68 0.36 4,76 


EXPERIMENTAL 


To recover the unknown acids and separate them from the other dried and ground leaves in the amount 
of 200 to 900 g was treated in two ways, 


First Method: The leaf powder after acidification with sulfuric acid (80 ml of 27% H,SO, per 100 g ) 
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was extracted with ether for 90-100 hours in a Soxhlet apparatus. The extract was diluted with water after 
driving off the ether, and filtered, then neutralized to phenolphthalein with a hot saturated solution of 

barytes. The precipitate of barium salt (I) was removed by filtration ,the filtrate concentrated under vacuum 
to 250-300 ml and 96% alcohol added to it up to 80% of its volume, After 24 hours a precipitate (II) was 
filtered out, and washed 2-3 times with 80% alcohol,with rubbing in a mortar. In precipitates I and I were 
found the barium salts of citric, malic and oxalic acids, The filtrate, after evaporation of the alcohol (under 


vacuum), was treated with H,SO, (without excess) to precipitate barium. After removal of the BaSO,, the a 
filtrate was washed again with water and concentrated under vacuum, after which acetic acid could be removed fou 
from the solution by steam distillation; the unknown acids remained in the distillation flask. - 


Second Method: The leaf powder was treated according to Pucher [5]; it was heated an hour at 60° with ten 
times its volume of water. The residue filtered out was squeezed in a press and extracted again with water, The 
combined filtrates were concentrated to 0,25-0.51. under:vacuum; sulfuric acid (1: 1) was added to it until 
a pH of 1 was attained,and then a double volume of 90% alcohol, The mineral salt which precipitated out 
was filtered out the next day, and washed thrice with 60% alcohol with rubbing in a mortar. After driving 
off the alcohol under vacuum, traces of sulfuric acid were removed quantitatively withbarytes,and the filtrate 
from the BaSO, neutralized with a hot, saturated solution of barytes, Further treatment was carried out as in 
the first procedure until an aqueous solution of acid was obtained from the 80% alcoholic filtrate from the barium 
salt. The aqueous solution was extracted with ether in a liquid extracter for 100-120 hours. The ether extract 
was washed with water and the ether removed, filtered and treated by steam distillation for removal of acetic acid. 


Next, the unknown acids obtained by the first and second procedures were treated separately. The acid 
solution was neutralized with an 0,1 N solution of barytes or calcium hydroxide to phenolphthalein, starting at 
room temperature and then on heating them in order to convert the lactones as well into the salt. For removal 
of the neutral mixture from the ether extract, the solution of calcium or barium salts was treated with ether in 


a flask on a shaker; after removal of the ether layer of the solution the salts were concentrated under vacuum to 
the thickness of a syrup. 


The purification of the salts was carried out by the following method, To the syrup held in a small tapered 
conical flask some 96% alcohol was added until a precipitate formed on shaking, which adhered to the glass walls; 
the solution was poured out into another flask and alcohol added again until formation of a viscous precipitate, 
This operation was repeated 4-5 times, The precipitates , which adhered to the glass walls of the flask, were 
dissolved in a very small quantity of water, and this almost colorless solution was treated with alcohol as already 
described, First, a purer precipitate was reprecipitated with alcohol from the concentrated aqueous solution 1 
or 2 times more until a preparation of salts was obtained having an unchanged calcium or barium content, Since 
salts of the unknown acids were extremely hygroscopic and gave after drying in a vacuum desiccator either a 
sticky syrup or a horny mass, they were carefully ground ina mortar with a small amount of absolute alcohol until 
a homogeneous mixture was formeu, Then the precipitate was filtered on a small Nutsch and washed with 
absolute alcohol and ether, A white, flocculent salt which remained on the filter was dried in a vacuum desiccator. 
For analysis the calcium or barium salts were dried to constant weight at 110-115°, The calcium was precipitated 
in the form of oxalate and determined by the volumetric method, while the barium was determined as the sulfate, 


Preparation of the barium or calcium salts and determination of the cationic content in them served as a 
satisfactory method for orientation with the acids studied, 


DISCUSSION OF RESULTS 
1. Acids of Phaseolus Leaves 


"Black Valentine” variety. One kilogram of leaves was extracted with ether after acidification. 


Analysis of the calcium and barium salts gave the following results: 


Ca salt 0.2332 g Ca 0,0268 g 11.49% 
0.1762 g 0,0204 g 11.58% 
Ba salt 0.2396 g Ba 0,076 g 31.72% 


Such values for calcium and barium corresponded to salts of trihydroxyvaleric acid, CH,OH (CHOH), 
CH,COOH, which is produced on oxidation of desox ypentose, 
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The free acid, obtained from the calcium salt, after prolonged storage in a vacuum desiccator over sulfuric 
acid, formed a viscous syrup. On titrating it with 0,1 N barytes solution it took 2 ml. of the latter in the 
cold, and after heating to boiling,the solution again took up 18.5 ml! of barytes, This fact established 
the ability of the acid to form a lactone. The acid possessed an optical activity of [a] 5 = - 10,72. 


To identify the acid the reactions of acetylation, reduction and oxidation were used, 


Acetylation. To the thick lactone dried over H,SO, in a vacuum desiccator was added seven times the 
amount of acetic anhydride and half the amount of freshly fused sodium acetate, The mixture was heated for 
3 hours on a water bath in a flask with a reflex condenser. After cooling, the mixture was poured into a porcelain 
dish containing ice water; at this point dry sodium bicarbonate was added until the evolution of CO, ceased and the 
odor of acetic acid disappeared, The acetyl derivative was extracted with ether five times in a separation 
flask, The residue after removal of the ether was dried to constant weight in a vacuum desiccator over H,SO,, 
To saponify the acetyl derivative a sample was heated with 0,5 N alcoholic KOH solution. The following 


results were obtained: for 0.3996 g of material 11,1 ml of 0.5 N KOH were required; for 0.5550 g of material, 
15,2 ml, 


Considering that the acid is monocarboxylic and consequently that the portion of alkali combining with 
acetyl in the first case is 0.1591 g and in the second 0.2178 g , this corresponds to 39.81 and 39.24% , réspect- 
ively. the acetyl derivative of trihydroxyvaleric acid lactone, CH,OH* CH* CHOH* CH, « =O, the cal- 
culated acetyl content is 39.10%. 


Reduction, About 3 g of the syrupy acid was reduced with 3% sodium amalgam according to Fisher[6]. 
After the mercury had been removed, the acid solution was extracted with ether five times and water added to the 
extract, Then the ether was recovered and the solution steam distilled, The distilled portion was neutralized 
with 0.1 N barytes and concentrated ina vacuum, The excess barytes was removed by passing CO, into the hot 
solution, A negligible precipitate of BaCO3 was removed and washed, _—‘ The filtrate was concentrated, and the 
salt dried in a vacuum desiccator. The yield of salt was determined in it: in 0.2588 g. the weight of Ba was 
0.1079 g (41.69%), in 0.6008 g. the weight of Ba was 0.2515 g (41.86%), Calculated for the barium salt of 
valeric acid Ba: 40.49%, 


For identification of the volatile acids, the anilide was used. When recrystallized from alcohol it melted 


at 109-110°. =‘ The anilides of iso valeric and methylbutyric acid have this melting point. n-Valeric acid 
forms an anilide with a melting point of 63°, 


Oxidation, In order to determine whether the acid isolated had a terminal or chain hydroxyl group the 
lactone was oxidized by the Chalov method{7]. Three grams of the lactone was oxidized with HNO; (sp. gr. 
1.34) and then evaporated under vacuum, with water added for removal of the remaining HNO3. A solution of 
clear Ca(OH), was added to the concentrated solution and the mixture reheated, The negligible precipitate 
of calcium oxalate which separated out was filtered out and the filtrate evaporated under vacuum, Thus, a 
small deposit (0.68 g ) separated from the solution; it was poorly soluble in water, After drying, calcium was 
determined in it (the salt was dissolved in 9% acetic acid): 


Calcium salt 0.2652 g Ca 0,0440 g 16,59% 
0.1712 g 0.0286 g 16, 73% 


Analysis of the barium salt prepared from this acid gave these results: 


Ba salt 0.3558 Ba 0.1481 g 41.62% 
0.2529 g 0.1043 g 41.24% 


These barium contents in the salt correspond to a salt of trihydroxyadipic acid, HOOC (CHOH)sCH,COOH, where 
Ba = 41.74%. The acid is optically active, having [«]}} =+11,10°, 


The filtrate from the calcium salt precipitate was concentrated to 40 ml, and 96% alcohol added up to 
60% of the amount in solution, after which a precipitate separated, It was purified twice by reprecipitation with 
60% alcohol, The calcium determination gave the following results: 
Ca salt 0.1922 g Ca 0.0390 g. 20.29% 
0.0920 ¢ 0.0179 g 19.46% 
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The barium salt was prepared from the calcium salt, and purified in the same way, In 0,2638g Ba 
salt, 0.1200 ¢ Ba was found (45.49%), | Calculated for the barium salt of the isomeric dihydroxyglutaric acid 
HOOC(CHOH)CH,COOH, 45.83% Ba; the acid formed a lactone and had an optical activity: [a5 = 23,90°, 


The ratio of carbon, hydrogen and calcium obtained on element analysis of the calcium salt of the optically 
active acid isolated from leaves of phaseolus species "Multicolored" corresponded toasalt of composition 
(Cs Ca of an acid CsH, from an isomeric pentose, 


On the basis of the results of reduction of the original acid into aliphatic and oxidation into tricarboxylic 
acids it may be concluded that the trihydroxyvaleric acid contained in phaseolus leaves is an isomer having a 
branched chain. Of the several possible isomers, we prefer two: 


CH,OH 
CH,OH+CH eCHOH*COOH CH, eCOHeCOOH 
CH,OH 


The dicarboxylic acid isomer of dihydroxy-glutaric we never obtained as such in the vegetable material. 
B-Hydroxyglutaric acid was recently isolated irom apple peeling by Hulm [8}. 


From two other kinds of bean, "Multi colored” and “Shedraya”, acids were isolated of an isomeric pentose, 
After their oxidation, calcium and barium salts were prepared, In this case also two acids were obtained, 
Results of the analysis follow: 


"Multi colored” variety "Shedraya" variety 
Wt. of Basalt 0,2214 ¢ 0.1330 g 0.0898 g 
Ba 0.1002 0.0592 g  0,0407 g 
45.26 % 45.05% 45.32% 


Wt. of Casalt 0.0828 ¢ 0,0422 g 0.1877 ¢g 
Ca 0.0144 g 0.0073 g 0.0324 g 
11.33% 17,30 17.3¥%o 


We isolated many times a cicarboxylic acid which appeared to be a trilhydroxyadipic acid from the leaves 
of phaseolus and beans, but in contrast to that formed on oxidation it dissolved readily in water. 


On aqueous extraction of the leaves of "Black Valentine® phaseolus(but another preparation),an acid was 
isolated the calcium and barium salts of which were partially precipitated by 80% alcohol; but a considerable 
amount of them dissolved in it. The acid formed a lactone possessing optical acivity: [oI 5 = 20.40°. 


Analysis of the salts gave the following results: 


Ca salt 0.2730 g Ca 0.0471 g 17.25% 
Ba salt 0,1820 g Ba 0.1070 g 41.03% 
Ba salt 0.9990 g Ba 0.4114g 41.19% 


From the calcium and barium content in the corresponding salts, this acid corresponds to an isomer of 
trihydroxyadipic acid. 


The following analyses of leaves showed that the method of isolating the acid does not affect the results: 
from phaseolus of different sorts and beans by extraction of the dry leaves with ether, two acids were simultaneously 
isolated: an isomer of pentose and a form of trihydroxyadipic, In them the calcium content in the salt was 


simultaneously established as 13-16% instead of 11.8 or 17.2%; in the barium salts 35-36% of barium instead of 
31.5 or 41.7%. 


The calcium salts of the acids studied are differentiated by their solubility in 80% alcohol: the salt con- 
taining 17.25% calcium has a lower solubility than that containing 11.8%. The first, at a high concentration 
in 80% alcohol,precipitates in the form of a dense, gummy mass adhering to the walls of the beaker, The other 
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is always found remaining in solution, Separation of the acids was accomplished in the following way. The 
alcoholic solution was decanted from the precipitate, the residue in the beaker was dissolved in a very small 
quantity of water; on adding 96% alcohol to the solution a flocculent precipitate formed, After reprecipitation 
3-4 times as described in the experimental part, the precipitate was filtered out, and washed on the filter with 
strong alcohol and ether. When dried at 110-115°, this salt always contained 17.20-17,25 of calcium. 


The salt containing 11.8% of calcium was isolated from the 80% alcoholic filtrate after the alcohol had 
been evaporated by precipitation with strong alcohol, and it was purified by recrystallization; the second and 
third time after drying it gave a stable calcium content of 11.8%. 


Results of the analysis of the calcium salts of these t vo acids: 


First substance 0,2152 g Ca 0.0367 117,05 
Second substance 0,1778 g Ca 0,0212g. 11.92% 


The carbon content was determined on the salt containing 17.05% calcium by the method of dry combustion 
of Van Slyke, but on different samples, The results of the analysis follow: 


Salt 0.0731 g CO, 0,0812g C 30,9 


0.0673 g 0.0745 g 30.19% 
0,0634 g 0.0694 g 29.83% 
Calculated for (CgHg07)Ca 31.03% C 


As shown by the last analysis, the leaves contain not one but two acids; in 5 times out of 10, we obtained 
both acids, 


The presence in the leaves of phaseolus (and of beans) of an acid which appears to be an isomeric trihydr- 
oxyadipic acid HOOC (CHOH)sCH,COOH - gave a basis for assuming that it arises as a result of the oxidation 
of a monocarboxylic acid~desox yhexonic, CH,OH(CHOH)sCH,COOH. _ This latter is contained in a con- 
siderable amount in the material analyzed, as a contaminant to the acid of the isomeric pentose, The cal- 
cium salt of desoxyhexonic acid contains by calculation 10,03% Ca, that of desoxypentonic 11.87%. The mix- 
ture of salts of these two acids containing 10% of desoxyhexonic acid would have a Ca content of 11.5%. The 
salt isolated in the initial investigation contained such an amount of calcium - 11,49; 11.58%, Finally, in this 


case, on the basis of analysis of only the calcium salt, it is easy to assume the presence of a single desox ypentonic 
acid, 


On oxidation of this mixture of acids into dicarboxylic acids, it is clearly discovered that two different 
acids are present in it. The barium salt of one of them contained 41.7% Ba, the other 45,8% Ba. In the 
monocarboxylic acid we isolated from phaseolus, desoxypentonic acid was always dominant, Desox yhexonic acid 
appeared only on oxidation of the mixture with nitric acid, 


In one case we were able to isolate the same desox yhexonic 


An acid was isolated from leaves of "Multicolored" _ phaseolus, the impure calcium salt of which con- 
tained about 11% Ca. On purifying it by recrystallization from alcohol, a fraction was obtained not pre- 
cipitable even by 99% alcohol, owing to which it was separated from its companion with the higher (11.87 - 12.0%) 
calcium content, The free acid recovered from the fraction of calcium salt not precipitated by 90% alcohol 


was in the form of a lactone; it had optical activity: [off =—10.00°. The barium salt of this acid gave on 
analysis these results: 


Ba salt 0.2293 g Ba 0.0643 ¢ 28.04% 
0.3033 g 0.0862 ¢ 28.42% 


Calculated for desoxyhexonic acid: 27.72% Ba 


The free acid (0.6 g ) was oxidized with nitric acid (sp. gr. 1.2) according to Gakhokidze [9]. The cal- 
cium salt obtained by precipitation with 80% alcohol gave on analysis these results: 


Ca salt 0.1073 g Ca 0.0185 g 17.24% 
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On the basis of analysis of the salt of the initial monocarboxylic acid and of the product of its oxidation, 
it can be assumed that the acid found - CH,OH (CHOH)s;CH,COOH- is actually a genetic precursor of the isomeric 
dicarboxylic acid — trihydroxyadipic acid - HOOC (CHOH),;CH,COOH, which we isolated many times from the 
leaves of phaseolus (and of beans), 


2. Acids of Bean Leaves. 


For extraction and investigation of the acids, 300-600 g of dry bean leaves were extracted, just as for 
phaseolus, by two procedures. In every case except one, the solution of the barium salt in 80% alcohol contained 
two acids simultaneously, Since the results of several analyses on leaves from different harvests were charac- 
terized by great uniformity, let us examine only two analyses of ethereal and of aqueous extracts. 


Fraction from the ethereal extract 


1, Calcium salt 0.3645g Ca  0,0627g 17.20% 

Calcium salt 0,2348 g 0,0402 g 17.12% 
2, Calcium salt 0,1156g 0.0139 g 12,09 
3. Calcium salt 0,0700 g 0,0080 g 11.71% 


The free acid obtained from the calcium salt of the first fraction was optically active,. [a5 =—16.62°, 
The first fraction comprised 72 and the second 28% of the mixture, 


Fraction from the aqueous extract 


1, Barium Salt 0.6340 g Ba  0,2565 g 40.45% 
Barium salt 0,5046 g 0.2059 g 40.80% 
2. Calcium salt 0.1092g Ca  0,0127¢ 11.63% 
Calcium salt 0.1120 g 0,0129 g 11.51% 


The somewhat low barium content in the salt is explained probably by a trace of desoxypentonic acid present 
in the salt, 


For determination of the hydroxyl groups, acetylation of the acid isolated from the salt containing 17.20% 
calcium was carried out by the method of Danilov and Gakhokidze [10], Hydrolysis of the acetyl derivative was 
performed by Mueller’s method [11]. 


The following results were obtained: 
Sample 0.1964 g Acetic acid found 0,0809 g 
0,3133 g 0,1268 g 


Acetyl found 29,94%. Calculated (for a monolactone of trihy- 
droxyadipic acid): 33,07. 


The low acetyl content in the derivative may possibly be explained in part by formation of a dilactone or 
by incomplete acetylation, 


The results of the analyses of bean leaves showed that these plants contain the same acids as does phaseolus 
or their structural isomers, 


Sia Acids from the leaves of clover 


Leaves of red clover were extracted with ether after acidification, The salt obtained from the 80% alcoholic 
solution contained much less calcium than the salts of the acids isolated from the leaves of phaseolus and beans: 
8.47 - 8.53%. The free acid obtained was transformed into a gum-like mass after prolonged drying in a des- 
iccator over H,SO,, The acid had optical acitivity; for 0.87 g dissolved in 15 ml of water, a = +1.69%; 

+16,00°. 
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On neutralization of the acid solution with 0.1 N NaOH to phenolphthalein, the color observed rapidly 
disappeared; on heating, decomposition of the lactone took place much faster: for neutralization of 0.2181 
of material 10,6 ml NaOH; 0.2645 g of material 13,0 ml NaOH. This amount of 0,1 N NaOH corresponds 
to a lactone of heptonic acid; the neutralization equivalent: 


_0,2181.100 


10.6 = 206 


In the first case 


In the second case SE 200 
13,1 
calculated for a lactone of the heptonic acid, CHJOH CHOH - CH(CHOH);CO-—208 


The acetyl derivative of the lactone was obtained by a method developed for the CgHyOg acid. A 0.1466 
g sample of the material obtained was heated for 3 hours wit! 10 ml of 0,5 N alcoholic NaOH. It combined 
with 0.0892 g of NaOH, which corresponds to 55.35% CH3CO. Calculated for the pentaacetate of heptonic 
acid: 51.43%. 


Determination of the hydroxyl groups was carried out also by the method of Verley and Belsing [12], for 
which the phenylhydrazide of the acid was used, 0.3 ¢ of the lactone was dissolved in 0,5 ml of 96% alcohol, 
and 0,3 ml ;of phenylhydrazine added to the solution. The precipitate which separated was filtered out on 
the following day and washed with96% alcohol, Weight 0.25 g, The melting point of the hydrazide re- 
crystallized from water was 190-191°, The preparation was dried to constant weight at 105°, and the hydroxyl 
groupcontent determined on it, |The following results were obtained: A sample of 0.0471 g of the phenyl- 
hydrazide combined with acetic anhydride equivalent to 0.0148 g of hydroxyl, which corresponds to a 31.50% 
hydroxyl group content; the calculated hydroxyl group content for a phenylhydrazide of a heptonic acid is 32,24), 


From the neutralization equivalent of the lactone, the m.p, of the phenylhydrazide of 190-191° and 
hydroxyl group content of the acid obtained from clover leaves, it is an isomer of guloheptonic acid [13]; in 
aqueous solution it has = -15.4, 


Since the heptonic acid is close to a gluconic acid in many of its properties, we prepared a chromatogram 
of these two acids (butanol + water + formic acid): the R- value for the heptonic acid (from clover) is 0,13- 
0,14; for the gluconic acid,0.11, | The calcium salts of these two acids differ markedly both in calcium con- 
tent and in their alcohol solubility. 


In studying the acid content of phaseolus and beans, we made use of many crops and gathered leaves over 
‘three years at different stages of growth: up to pigmentation, in the period of pigmentation, at the formation 
of seeds, in the phase of harvesting ripeness, As the analyses showed, the amount and composition of the acids 
first isolated undergo considerable change in the leaf; sometimes it contained two acids simultaneously, a mono~ 
and dicarboxylic, sometimes only one of them, Often, for similar elementary composition, the acids had 
different properties: optical activity, solubility of salt, position on the chromatogram (R- —0,.31; 0,78) and con- 
stitution, | Only once were we able to reduce with sodium amalgam isomeric pentoses into an aliphatic acid 
of the isovaleric type. ‘Among the acids of pentose isomers, there are also present acids with unbranched, nor- 
mal chains, These facts, to our mind, indicate that the new acids we have described are not inert reserve 
materials, but constitute themselves a link in the carbohydrate metabolismconnected with the cycle of growth 
and development. 


DISCUSSION OF RESULTS 


Our analyses of growing legumes ~ phaseolus and beans — showed that in them side by side with such long 
known acids as malic, citric, oxalic and acetic, exist also significant amounts of sugar acids, undoubtedly 
combined with sugars, 


Such acids, according to the numerous investigations of Kilian et al, [14] and Nef [15], are formed from 
sugars by the action of alkali in the absence of oxygen. Among the known sugars treated in the cold, Kilian 
obtained some isomers of sugar acids: metasaccharic CH,OH(CHOH), CH,CHOHCOOH, isosaccharic CHJOHCHOHCH, ~ 
COH(CH,OH)COOH, parasaccharic CH ,OH *CH,*COH(COOH ‘ CHOH CH,OH. Danilov and Gakhokidze [10] 
prepared orthosaccharic acid, CH,OH (CHOH),CH,COOH - 
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On oxidation of the saccharic acids, dicarboxylic saccharonic acids were obtained, Of the known saccharic 
acids interest centers on parasaccharic with the branched chain. Its formation from sugar is connected with a 
previous reconstruction of the carbon skeleton of hexose, Windaus[16] conjectured that formation of this acid 
is preceded by a decomposition of hexose into two fragments (with two and four carbon atoms), glycolic aldehyde 
and a tetrose. Sowden and Kuenne [17], using hexose marked with c™ obtained a saccharic acid; on its oxidation 
with periodate they came to the conclusion that acids with branched chains are formed as a result of recombina- 
tions of some hexose molecules, 


The first acid we isolated - CgHygOg is from its composition isomeric with a pentose; the second — from 
phaseolus and beans ~CgHy 7 — corresnonds to a dicarboxylic saccharonic acid, probably the oxidation product 
of saccharic acid,an isomer of hexose. Using genetics, the dicarboxylic acid is connected to the corresponding 
monocarboxylic, CgH 0g; this speaks forthe presence of the latter acid in phascolus leaves, which we had shown 
experimentally, 


The monocarboxylic heptonic acid isolated from clover leaves appears to be, probably, the product of 
oxidation of a heptose discovered a long time ago in succulents by La Forge [18]. 


Some hypotheses concerning the mechanism of the isomerization of sugars into saccharic acids have been 
reported (Nef [14], Danilov [19], Ohle [20]and others), The final step appears to us to be a reaction of ox- 
idation - reduction isomerization; | CH,OH(CHOH),*CHOH*CHO ~» CH,OH(CHOH), CH, * COOH neuline as 
a result of which carboxyl is formed and an alcohol group reduced, The formation of saccharic acids in plants 
shows that oxidation-reduction isomerization of sugars takes place in them, 


It is also possible that the formation of saccharic acids is a result of preliminary oxidation of the corres- 
ponding desoxysugar having a composition CsHy9O,4 for pentose and CgHy,O, for hexose, It is a well known 
fact that a desoxypentose, desoxyribose CHyOH(CHOH), CH, *CHO appears in plant and animal organisms as the 
carbohydrate component of desoxyribonucleic acid, 


The question naturally arises, by what physiological processes are the acids described here formed and how 
do these processes take place ? 


Two acids ~ the isomer of pentose, and heptonic —can be established in connection with the results of a 
broad investigation last year, devoted to a study of the processes of photosynthesis and of the direct oxidation 
of hydrocarbons in respiration, 


The work of Warburg [21], Engelhardt and Barkhash [22], and Lippman [23] opened up the possibility for 
the direct oxidation of sugars by the organisms, Engelhardt and Barkhash described the condition whereby the 
intermediate products of oxidation are acids directly related to sugars, The first acid is hexonic-gluconic; 
shortening of the carbon chain of the sugar is accomplished by degrees by stepwise, oxidative decarboxylation. 
In more recent papers it was shown that direct oxidation is a simple cyclic process in the course of which a 
series of members are formedc-phosphoric derivatives of the initial gluconic acid, and also of sugars present, 
pentose, heptose, tetiose, trioses, hexoses (Axelrod [24], Horecker [25], Barkhash [26], Rakkar [27] et al), At 
the same time Calvin and Baskhem [28], studying the first steps in photosynthesis, discovered a series of intermed- 
iate products of this process identical with those formed by direct oxidation of sugars; in general, the enzyme 
systems transketolase and transaldolase, were found, 


Calvin and Baskhem [28] showed that the phosphoric ester of pentose, ribulose diphosphate, absorbs carbon 
dioxide in photosynthesis, being further converted into phosphoglyceric acid, | Here sedoheptulose appears 
as a link to the preceding pentose ester. On direct oxidative decomposition of sugars in plants, as Barkhash 
and Timofeev [26] and Axelrod [24] made clear, pentoses are converted into heptose (heptulose-7-phosphate) 
and thiophosphate, Horecker [25], working with erzymes from spinach, found that the reaction forming 
sedoheptulose goes through a preliminary decomposition of the pentose, ribulose, into glyceraldehyde and “active” 
glycolic aldehyde, which also forms heptose (sedoheptulose) with another molecule of the pentose (ribose), 


The acids described by us, although not themselves found present as such among the intermediate products 
of photosynthesis and of direct oxidation of suga:s, are all most probably connected with these processes, 


Guloheptonic acid, isolated from clover, can be identified by its formation through direct oxidation of 
heptose similar to the formation of gluconic acid from glucose. 
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The second acid -an isomer of pentose ~ CgHygOg — can be viewed as a product of aldol condensation of the 
trioses dihydroxyacetone and glycolic aldehyde, with subsequent oxidation-reduction isomerization: 


CH,OH CH,OH CH,OH CH,OH 
aN 


CO COH cH 


| | | 
CHO CHO COOH 


A pentose with branched chain has long been known under the name of apiose, It is a component of the 
glucoside apiin, contained in parsley (Vongerichten [29]), The other two acids saccharic, CgHy,O, (an isomer 
of hexose), and its corresponding dicarboxylic acid, CgH, 907, are not themselves found present in the proposed 
schemes for the chemistry of photosynthesis and for direct oxidation of sugars. 


It is possible that these schemes do not encompass all the actual diverse components involved and the 
routes may not even be the samein decomposition of sugar and in photosynthesis, It is entirely possible also 
that the formation of saccharic acids in plants is not directly connected with the process of respiration, but 
involves some secondary process for forming some of the acids widely distributed in plants:citric and its com- 
panions, aconitic and isocitric, Such an assumption contradicts the tricarboxylic acid cycle in conform ance 
with which these acids are formed from the product of the profound decomposition of sugar, pyrotartaric acid. 
To assume for one and the same plant two routes for the formation of tricarboxylic acids —directly from sugar 
and from pyrotartaric acid— would be arbitrary, It is extremely likely that the chemistry for the formation 
of series of acids by the scheme of the tricarboxylic acid cycle is not universal, at any rate with respect to 
higher plants such as beans, 


The route of formation of citric acid through parasaccharic can be expressed in this equation: 


CH,OH-CH,-COH-CHOH-CH,OH + COOH-CH,-COH-CHOH-CH,OH + 


| 
COOH COOH 
Parasaccharic parasaccharonic 
+ COOH-CH,-COH-CHOH-COOH + COOH-CH,-COH-CH,-COOH 


OOH COOH 
hydroxycitric citric 


The mechanism for this route of formation of citric acid independent of its members was worked out a 
long time ago by Buchner and Wustenfeld [30], and also by Butkevich [31]. The intermediates in this scheme, 
we isolated as isomiers of saccharic and saccharonic acid, attest to its reality, As for hydrocitric acid, it 
had been isolated by Lipman [32] from sugar beet juice at the end of the last century. The structure of the 
saccharic and saccharonic acids from bean plants has not been determined yet hence we consider then as genetic 
precursors of tricarboxylic acids only in order to have a working hypothesis. 


Up to the present time in studying metabolism, this process has been considered to take place with a given 
group of acids; our discovery of polyoxy acidsin bean plants expands this group. These acids deserve inclusion 
in our representation of metabolism in plants, as materials of unknown origin associated with sugars. 


The formation of polyoxy acids in plants can be considered as a first step in the conversion of sugars in 
their direct oxidation, It seems to us the question concerning the subsequent fate of these polyoxy acids deserves 
attention. 
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SUMMARY 


Leaves of bean plant species contain up to 8-12" (dry weight) or organic acids in the form of salts, among 
which citric and malic predominate, comprising from 50 to 80" of the total amount of acids. The volatile 
acids are represented by 0,35-0,40% acetic; there is about as much oxalic; in clover leaves and peas malic acid 
predominates, 


Together with those long-known acids mentioned some new acids — polyoxy acids — have been discovered 
in bean leaves, The new acids comprise from 15 to 25% of the total amount of acids present. 


Three of the poloxy acids isolated from phaseolus and beans involve products of the first stage of sugar 
oxidation ~ of pentose and hexose, From their element analyses the two acids are isomers of sugars CH,OH - 
(CHOH), CH,COOH ~ of pentoses, and CH,OH(CHOH), CH,COOH of hexoses, A third, dicarboxylic acid found 
is an isomer of trihydrox yadipic:acid, HOOC(CHOH),sCH,;COOH, 


A heptonic acid (guloheptonic), CH,OH + (CHOH)s - COOH, has been isolated from clover leaves, 


The polyoxy acid content in leaves of phaseolus and beans varies, depending on the phase of growth and 
time of collection; sometimes they yield two acids simutaneously, a mono-and a dicarboxylic acid; sometimes 
only one of the two. Fluctuations in the amount of the heptonic acids are also observed, 


It is considered that the saccharic acids in the leaves of phaseolus and beans are formed either as a result 
of an oxidation-reduction isomerization reaction or by direct oxidation of the corresponding desoxy sugars. 


The heptonic acid is probably formed by direct oxidation of heptose (guloheptose), 
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ACETYLATION OF SULFANILAMIDE IN LIVING ANIMALS EXPOSED TO X-RAYS 


E. F. Romantsev and Z. I. Zhulanova 


In recent times great attention has been given to studying the acetylation reaction carried out in the 
organism by coenzyme A (CoA). CoA participates in the acetylation of a whole series of compounds (acetate, 
glucosamine, sulfanilamide, oxalo-acetate, etc.), involved in the synthesis of peptide linkages and lipoids [1 : 2]. 


In spite of the extensive literature on the biological action of ionizing radiation, and, in part, on the 
problem of the course of biochemical processes in the irradiated organism, the data concerned with studying the 
action of x-rays on the acetylation reaction is meager [3]. Disruption of some of the acetylation reactions can, 
however, apparently play an important part in the process of developing radiation sickness. Interest was directed 
to this problem as a result of the work of Bacq et al. [4] in which it was shown that introduction of CoA into 
mice prior to irradiation led to a considerable increase in number of surviving animals. 


It is also known that 8 -mercaptoethylamine, which exerts a considerable prophylactic effect in irradiated 
animals, comprises one of the structural units of CoA. 


All this induced us to study the effect of irradiation on the acetylation process in the organism. 


EXPERIMENTAL 


of 40 cm, filter 0.5 Cu + 1.0 Al, magnitude of dose 32.5 r/1 min., exposure period 20 min, total dose 650 r. 
Part of the animals were exposed to doses of 3320 r. The intensity of the dose in this case was 166 r/min. The 
animals were exposed in plexiglass cells in pairs with backs. 


Animals. Male white rats weighing 170-200 g fed on a normal diet were used for the experiment. 


Experimental procedure, The capacity of the animals to acetylate sulfanilamide was determined by 
introducing intraperitoneally the doubly recrystallized preparation as an aqueous solution. Four thousand pg 
of sulfanilamide was introduced in a volume of 1 ml, after which the animals were placed in the metabolism 
cells. Daily urine was collected under a layer of vaseline and then analyzed for total and free sulfanilamide. 


The method of Prebsting and Gavrilov [6] was employed to determine the sulfanilamide, with some changes 
applied to the biological experiment. 


In this connection since in work with H-acid utilized in this. procedure a series of peculiarities were met, we 
considered it expedient to check in more detail on the methodological side of the sulfanilamide determination. 


Determination of free and total sulfanilamide. The daily urinary output of the rats was filtered and diluted 
with water to 50 ml. Then 2 ml of 20% trichloroacetic acid was added to 18 ml of urine and it was filtered 
again for albumin removal. To 1 ml of the filtrate was added 0.2 ml of 0.5% NaNO, solution and 0.5 ml of 10% 
HCl. After standing for 15 minutes,a test was made for free nitrous acid (bluing of starch iodine paper), Then 
0.5 ml of 40% urine was added to remove the free nitrous acid (until cessation of the reaction with starch iodine 
paper). After this,C.5 ml of a saturated sodium acetate solution was poured in and 0.2 ml of a 1% solution of 
N-acid, After 10 minutes the volume was diluted to 10 ml with a saturated solution of sodium acetate and 15 
minutes later colorimetric determination made (FEK=M electrophotocolorimeter, The amount of free sulfa- 
nilamide was determined in this way. 


Irradiation — Irradiation was carried out using the RUM apparatus at 250 kv and 50 milliamp at a distance ~ 
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To determine the total amount of sulfanilamide, 2 ml of 1 N HCl was added to 1 ml of the second 
filtrate and hydrolysis took place in the course of 30 minutes on a water bath, After cooling 1.2 ml of 2.N 
NaOH was added, then the procedure already described above was carried out on 1 m1 of the solution. 


In carrying out the determinations we noticed that discrepant results were sometimes obtained in colori- 
metry of parallel samples, treated by the known method, To explain the cause of this observation, experiments 
were carried out with urine samples containing different amounts of sulfanilamide, The effect of temperature, 


light, and time on the quantitative values was studied, The results obtained on the basis of these experiments 
are given in Table 1, 


TABLE 1 


Colorimetric Reading of Samples on Standing in Light and With Time 


lamt, Time of exposure of the sample in min, 


which sample 
was subjected 


fanilamide in 15 


sample in mcg 


30 | 60 | 90 | 12 


sii 33.3 0.443 | 0.450 | 0.465 0.481 0.507 
13.3 0.292 | 0.231 0.269 0.307 0.356 
303 0.105 | 0.116 | 0.155 0.177 0.225 


In the dark 33.3 0.418 0.413 0.414 0.401 0.412 
13.. 0.200 0,200 0.199 0.181 0,186 
0.085 0.076 0.070 0.072 0.076 


Ce 


As may be seen from the figures given, more consistent colorimetric results were obtained in the case 
when the samples stayed in the dark after addition of N-acid. If samples are exposed in the dark and to 
cold, even more uniform data is obtained, It is possible to make colorimetric determinations on such samples 
even 4-5 hours after addition of H-acid. 


In some experiments kaolin was used to decolorize the urine. It was discovered on checking, however, 
that kaolin absorbs a considerable amount of sulfanilamide. Hence its use for decolorization of urine is not 
recommended in studying the acetylation of sulfanilamide. 


To create identical conditions both in constructing a standard curve as well as in carrying out the 
reaction with pure reagents, urine of healthy rats was added to the samples. It was found that more accurate 
data was obtained in determining the sulfanilamide content in urine on observing the following conditions: 

1) after adding N-acid to the sample it must be placed in the dark, and colorimetry performed in the dark or 
a poorly lighted room; 2) before colorimetry the samples andcuvettes in which the determination is carried 
out are exposed not less than 15 minutes to cold, which is usually most important in carrying out analyses in 
the summer time; 3) a necessary condition in the use of pure reactants; 4) in constructing a standard curve add 


urine of healthy animals to standard samples and make up the standard and the experimental samples 
identical conditions, 


RESULTS 


The acetylation of sulfanilamide was studied in experiments on normal rats and those sick from 
irradiation for different periods with roentgen rays. The content of total and of free sulfa nilamide was 


determined and by calculating the amount of combined sulfanilamide, it was possible to judge the extent of 
its acetylation. 


As shown in Table 2, the percent of sulfanilamide acetylated in healthy rats ranged from 60 to 85. 4 
From 10-12 days after the determination of the acetylation reaction on healthy animals, the same 
amount of sulfanilamide was fed the rats, then they were gradually subjected to irradiation. The extent of — 


acetylation of sulfanilamide was determined in the rats 1, 3, 6, 8and 10 days after exposure, The results, 
recorded in Table 3, show that acetylation of sulfanilamide in healthy rats and in rats irradiated for various 


periods are of the same order — from 62 to 83%, that is, the process of acetylating sulfanilamide is not disturbed 
by the development radiation sickness, 
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TABLE 2 


Acetylation of Sulfanilamide in Healthy Rats 


Sulfamilamide in daily Acetylated || Sulfanilamide in daily Acetylated 
urine in sulfa nilamide ine i sulfa n ilamide 
ug urine in mcg 
nani to total sul- to total sul- 
fa nflamide fa nilamide 
bined urine in Total pera 


day (%) 


Acetylation of Sulfanilamide in Rats Suffering at Different Periods 
of Radiation Sickness 


Time of Sulfa n ilamide in daily urine in Percent of 
radiation ug acetylated sul- 
ick i fa nilamide to 
total sulfa nil- 
days Total Pree Com- amide excreted 
bined in urine in 1 day 


1420—2434 | 181—328 991—2000 60—85 
1517—1975 | 445—646 | 1005—1354 64—75 


3 1764—2152 | 361—571 | 1244—1755 70—83 
6 19412438 | 428—638 | 1505—1918 71—79 
8 1627—1905 | 504—646 | 1014—1259 62—70 
10 2328—2716 | 487—831 | 1828—1885 69—79 


TABLE 4 


Acetylation of Sulfanilamide in Rats Exposed to Doses of 3320 r 


Sulfamilamide in daily urine % acetyl sul- 


in g fanilamide to 
total sulfanil- 


Free ombined amide in 24 
hr. urine 


Experimental 
Condition 


Control 


1 day after 
irradiation 


¥ 2434 781 1653 68 1587 588 999 63 a 
™ 2222 733 1489 67 2328 328 2000 85 ee: 
F 1905 680 4225 64 1975 705 1270 64 E. 
q 2187 546 1641 75 2257 772 1485 65 wa 
q 2222 487 1735 78 2328 386 1942 83 . 
4 2434 588 1846 75 1481 369 1112 75 = 
4 1420 386 1034 72 2257 436 1821 80 a 
= 1622 395 1227 75 1517 520 997 65 a 
TABLE 3 
3 1 
i 
4 
q Total a 
2469 | 594 1875 75 
2116 588 1528 72 
q 2671 579 2092 78 Re 
2716 705 2011 74 
4 2928 | 747 2181 74 2 
1128 | 319 809 
1128 310 818 72 
1128 151 977 85 
a 1243 277 966 77 Be 
a 1270 428 842 66 a 
4 
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As already mentioned earlier; in all experiments the animals were exposed to the absolute minimum 
lethal dose of x-rays — 650 r. It was of interest to determine whether the acetylation process for sulfanilamide 
is altered at higher dosages. To study this question rats were subjected to doses of 3320 r. The rate of exposure 
was 166 r/min. Thus, the total time of irradiation was the same as in the first case, 20 minutes, The data 
obtained are given in Table 4. From it, it follows that in rats exposed to doses of 3320 r there is a greater 
amount of sulfanalamide (free and combined) recovered in the urine for the first 24 hours, i.e., cut ~50%, 

the present of sulfanilamide acetylated remained at the normal level. As is known, acetylation of sulfanilamide 
proceeds directly in the liver. It is extremely likely that in exposing rats to doses of 3320 r, the process of 
absorbing the sulfanilamide, introduced intraperitioneally, is retarded, The capacity to acetylate sulfanilamide 
in the liver is not, however, slowed down. é 


It should be noted that at a dose of 650 r rats begin to die after approximately 6-8 days, and all die by 
12 to 16 days, and at doses of 3320 r all the rats die after 3 days, Thus, even at the height of development of 
radiation sickness, the day before the animals died, the reaction of acetylating sulfanilamide is completely 

retained. 


DISCUSSION OF RESULTS 


In animals irradiated with both sublethal and lethal doses of x-rays and y-rays,.various disturbances in bio- 
chemical reactions are observed. Some of them, for example, synthesis of desoxyribonucleic acid, are inhibited 
extremely seriously, these changes being already observable in the hour immediately after irradiation. 
At the same time, another series of biochemical processes possesses remarkable stability toward the action of 
ionizing radiation, Thus, for example, no essential change occurred in the reaction of the cytochrome oxidase 
system of cross striped muscle and of heart muscle over the whole range of radiation sickness, resulting from 
lethal doses of x-rays (600 r), Even on irradiating with doses of 60,000 r, the respiration of slices of liver, kidney, 
brain and muscle did not fall off immediately after irradiation [7]. Thus, the impression iscreated that there 

are more or less radiosensitive biochemical systems. Acetylation of sulfanilamide in the body of irradiated rats, 
as our investigation has shown, does not undergo a change over the whole range of radiation sickness, This 

agrees with the paperof Du Bois [3], published recently. Sulfanilamide, however, is not a normal product of 
exchange in the body. In this connection it should be mentioned that the acetylation of other compounds will 
undergo marked change in itradiated animals. It is of particular interest to carry out an investigation on the 

role of coenzyme A in the action of radiation on the syntheses of peptide bonds, in the conversion of choline 

into acetylcholine, in the acetylation of p-aminobenzoic acid and on the formation of.citrate, 


SUMMARY 


On exposing white rats to 650 r doses of x-rays, the process of acetylating sulfanilamides does not undergo 
any change over the whole range of radiation sickness, Both in normal and in irradiated animals 60-85% of the 
total amount of sulfanilamide is excreted in the acetylated form. On exposure to doses of 3320 r the amount _ 
of free, total and combined sulfanilamide, excreted in the urine in 24 hours, is practically cut in half, as 
compared with the control, but the percent of acetylated sulfanilamide even under these conditions remains 
within the limits of 66-85%, 
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EFFECT OF EXPOSURE TO RADIOACTIVE COBALT ON NUCLEIC 
ACID CONTENT IN SPLEEN TISSUES 


N.V. Luchnik 
Biophysics Laboratory, Ural Branch of the Academy of Sciences, USSR, Sverdlovsk 


It is a widely known fact that many authors have attributed the effect of ionizing radiation on the metabo- 
lism of nucleo-proteins and nucleic acids to be the essential role in the biological action of radiation [1]. There 
are many papers devoted to the action of radiation on the metabolism of nucleic acid, involving different methods; 
however, the majority of investigations have been carried out using either cytochemical methods or tagged atoms, 
Despite the usefulness of these methods they could not, however, give the complete picture of the action of radia- 
tion on the metabolism of nucleic acids, since the cytochemical methods used apply only to the highly poly- 
meric acid, while it is known that nucleic acids are depolymerized when exposed to this influence [2]; the 
isotope method itself, as is well known, gives information only on the newly formed DNA and RNA, but does not 
tell the absolute content of these two substances, Therefore, little data has been accumulated up to the present 
time on the content of DNA and RNA in exposedtissuesin the work done using the classical biochemical methods, 
The only study we know of made in recent years especially devoted to this problem, is that of Paigen and Kaufmann 
[3], in which the effect of x-rays on the nucleic acid content of the liver was investigated, 


By this interesting study, the effect of ionizing irradiation on the absolute content of DNA and RNA in other 
organs was established, 


We selected the spleen for study as one of the radio-sensitive organs rich in nucleic acids, The ex- 
perimental animals were white mice (female strain "H", weighing on the day exposed from 19 to 21g), After 
a preliminary experiment to determine the exposure dosage and time for the investigation, the following pro- 
cedure was developed, 


The animal was exposed totally to a 400 r dose from the y-rays of radiocobalt (CO®) at a dosage rate of 
391/min., since 400r is the maximum dose at which death of the aniinals practically does not occur, After 2, 
9 and 16 days following exposure, the animals were sacrificed, the freshly-removed spleen weighed, homogenized 
and fractionated according to the method of Schmidt and Thannhauser[5]. A quantitative determination of DNA 
and RNA as phosphorus was carried out, Using the standard method of Fiske-Subbarow [6], with the single change 
that hydroquinone was used as reducing agent in place of eikonogen, The determination was made on a 
photoelectrometer (FEK-1), calibrated against inorganic phosphate, The ultraviolet absorption curves were run 
on a SF-4 spectrophotometer, The experiments described were performed on 65 mice, 


The values obtained are given in the table, from which it may clearly be seen that sublethal exposure 
calls forth a sharp drop in content of total nucleic acids in the spleen, After 2 days,the content of RNA falls 
tenfold and of DNA to*/s. ‘True, these figures create an exaggerated idea of the drop in nucleic acid con- 
tent,since the spleen itself at this time is greatly reduced; hence it is more accurate to report the values obtained, 
not for the whole organ, but per gram of tissue. The results of such a conversion, shown in the diagram, also 
bear witness to the very considerable reduction in RNA and DNA content. It is of interest that the dropsin con- 
tent of these acids which occur, though similar are not parallel: the change in RNA content precedes that of DNA, 
The initial fall is expressed by RNA more strongly and (as shown in the preliminary experiment by determination 
at an earlier stage) takes place earlier; on the other hand, the regeneration of RNA begins sooner,and at the end 
of the experiment (after 16 days), when the DNA content has reached normal, the RNA content has exceeded it 


a 
a 
a 
4 
« 
q 
2 
q 
q 
a 
a 
3 
a 
ag 
+a 

| 689 


by more than twice, This result may be seen especially clearly if the change in the ratio DNA/RNA is 
followed, For nonexposed mice this ratio was 1.56, after 2 days it increased to 1.96 and then fell, being 
0,89 and 0,70, respectively, after 9 and 16 days, 


To detect possible changes in content of 
nucleic acids, some absorption spectra determinatiors 
were made in the ultraviolet range, All the values, 
within the limits of experimental error, were in- 
distinguishable from the controls, giving character- 
istic spectra for purines and pyrimidines with a 
maximum at about 260 mp. 


In view of the fact that the DNA content in 
the cell nuclei is a very stable value [7], it might 
be considered that the fall in DNA content in spleen 
tissue is due to a marked reduction in the relative 
number of cellular elements, in particular the 
number of rapidly forming cells with a high nucleus- 
plasma ratio. For its part, the normal DNA content 

% days per gram of tissue 16 days following exposure 

shows that complete regeneration has taken place, 

Although at this time the weight of the spleen is 

only 77% of normal, the relative content of DNA , 
DNA content (the shaded columns) and RNA and consequently of cellular elements, stands fully 
blank columns) per gram of spleen tissue at atnormal,. These conclusions are in complete 
different times after exposure (in % of the nor- agreement with the result of direct histological ex- 
mal value), amination [8]. As for RNA,it appears that its con- 

tent falls to a greater extent, from which it follows 
that there is less of it per gram of tissue, as well as in the cell. This circumstance speaks against the assumption 
of Mitchell [9] that exposure inhibits the formation of DNA from RNA, since in this case the reverse picture 
should be observed. On the other hand, the great similarity in values for DNA and RNA inthe earlier period 
speaks in favor of the assumption of general processes for biosynthesis of DNA and RNA. Nothing can be con- 
cluded on the basis of our data as to whether we are concerned here only with similar but independent processes, 
or with an actual conversion of RNA to DNA taking place. 


Effect of Total Exposure of Mice to Doses of 400r on the Weight of the S pleen and its Nucleic Acid Content 


Time After Ex - Number of Weight of Phosphorus Content in mg. 
posure in Days Animals Spleen in 
mg 


Control 310423 0.6940,11 0,27040,031 0.42020,044 
105412 0,0820,01 0,02720,005 0,05340,008 
147417 0,1320,02 0,06620,031 0,05920,025 
239 +22 0.8040.08 0.47040,070 0,.33020,064 


Earlier strong increases in RNA content on regeneration make the latter assumption likely, however. 


The results obtained indicate the significant change in nucleic acids due to the biologically active radiation, 
The DNA and RNA content falls markedly and very soon; hence it may be said that this drop is more or less 
directly due to exposure,and plays an essential part in the development of subsequent pathological processes, 

On the other hand, a marked increase in RNA content in later stages and the fact that initially this increase 


precedes the beginning of regeneration, favors the view that RNA plays an essential part in the recovery of those 
injured by radiation. 
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BLOOD PROTEASES IN HYPERIMMUNE SERUM ANTITOXINS AND METHODS 
FOR THEIR DETECTION 


A. V. Beylinson, M. P. Bobkova, K. L. Shakhanina, T. A. Vitokhina, 
T. P. Blokhina and G. V. Chistoserdova 


N. F. Gamaleya Inst. For Epidemiology and Microbiology~ Acad, Medical Sciences, USSR, Moscow 


One of the characteristics of the healing-prophylactic sera is their considerable instability upon storage, 


which to equal degree is characteristic of natural and refined preparations, The greatest antitoxin lability is 
manifested by antitetanus serum, 


This property of antitoxin sera limits the period of their serviceability and makes it necessary to take into 
account at the time they are issued the lower actual antitoxin titer due to disintegration in the process of future 


storage, For this reason, every ampoule of serum, depending on its degree of lability, contains 10-60% more 
antitoxin than stated on the label. 


The lability of antitoxin in healing-prophylactic sera has not been given much study. It has been shown 
that factors of external and internal environment have a great influence on antitoxin stability. 


Amies[1]) and Harms [2] note the greatest stability of the standard antitoxin in antitetanus serum at temp- 
eratures from Oto 4°, During storage at 15 to 20°, this serum loses from 10-20% antitoxin per year. At higher 
temperatures, in the range of 30-37", the antitoxin destruction reaches 30-50% per year. 


In their work, Gerlough and White [3] noted that the pH of the serum is of considerable significance in 
antitoxin stability, These investigators observed the least antitoxin destruction in antitetanus serum at pH 6.8, 
As the pH increased (to 8,5) there was an increase in antitoxin destruction, 


Harms [4] observed the greatest antitoxin stability in sera purified by fermentative hydrolysis in a pH 
range of 5,5-6.0, This author maintains that at this pH the serum preserves its antitoxin titer for a period of 
five years in the temperature range 0 to 5°, At 20° the titer of these sera falls by 5%,and even at 37° the decrease 
in titer is only 10%, Harms [4] observed full preservation of antitoxin titer at pH 6.0 in Cl, Welchii sera puri- 


fied by use of fermentation, in freezing and then thawing, after holding these preparations at 37° for a period 
of seven months, 


Then what is the reason for the spectacular antitoxin disintegration observed in the process of storage of 
healing-prophylactic sera ? 


An interesting point of view in this unclear question is taken by Amies(5]. In evaluating the results of 
his observations, he comes to the conclusion that the disintegration of the antitoxin is due to blood proteolytic 
enzymes, He also suggests that the destruction of the antibody under the influence of blood protease can take 
place in the organism of the immunized animal. Lower antitoxin titers, observed in some manufactured anti- 
tetanus sera, he explains by the activation of blood enzymes, 


Confirmation of Amies" theory as to the cause of antitoxin lability in hyperimmune sera appears in the 
work of Bourdillon[6]. This author observed spontaneous hydrolysis of globulin antitoxin in antidiphtheria serum 
purified by fractionation with neutral salts, in the process of its further storage, Several years after preparation 
of these sera, the heat stability increased in 30% of the proteinscontained in them, and the molecular weight of 
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the protein fraction decreased from 163,000 to 115,000-100,000, 


The observations mentioned and the statements of other authors, to the effect that blood proteases account 
for antitoxin destruction in vitro as well as in vivo, did not attract the proper attention. Until now, the role of 
enzyme systems in the synthesis and destruction of antibodies in the dynamics of hyperimmunized animals with 
bacterial toxins and antitoxins remains unknown. In equal degree,the properties of blood proteolytic enzymes, 
and their fate in the process of preparation and storage of natural and purified sera, have not beenstudied; the 
means for removal of these enzymes and methods for their sage inactivation are unknown, All these questions, 
in view of their great theoretical and practical importance, need investigation in a broad experimental study. 


At the start of this large new study,it was essential to find reliable methods for detecting protease in anti- 
toxin sera,and to study optimal conditions of the media for the best manifestation of activity of these enzymes, 
This is the object of the present communication, 


The existence of blood proteolytic enzymes in man and various animals has been known for some time 
past. Already in 1893 Dastre [7] described blood enzymes in mammals, Somewhat later Hedin [8] showed that 
the proteolytic activity of the blood is related to the plasma, and not its regular elements as had been con- 
sidered earlier, The description of human blood plasma enzymes has been given a good deal of study. 


The unanimous conclusion by a series of investigators is that the proteolytic enzymes found in the blood 


usually are in an inactive condition, but can easily go over to an active form under the influence of various 
factors. 


Milston [9] expresses the theory that blood enzymes, except for lysis of a fibrin clot formed in blood vessel 
trauma, play an active role in the processes of inflammation and during removal of foreign proteins from the 
organism. Millston's theory confirms direct observations of the activity of plasma enzymes in humans in shock 
(Tagnon, Levenson, et.al,,[10]), in various intoxications (Smith[11}), after vaccinotherapy (MacFarlan[12}), in 
liver disease (Goodpasture [13]), etc. 


These observations provide a basis for expectation of blood protease activity in animals during the process 
of hyperimmunization in the presence at the seat of inflammation, in conditions of uniterrupted intoxication, 
which mobilize the organism to an increased synthesis of antibodies. 


Plasma enzymes are known in the literature under the designation of lytic factors or plasmins. In the 
opinion of some investigators proteolytic activity of human blood plasma is related to one enzyme; in the 
opinion of others, to several, Several methods were proposed for the detection of blood protease, Some in- 
vestigators determined the activity of this enzyme by measuring the lowering of gelatin viscosity, others by the 
increase in nonprotein nitrogen and by the accumulation of tyrosine after contact of plasma or serum with 
casein, and also by liquefaction of fibrin clots, 


In our initial experiments,we endeavored to detect the lytic factor in sera in the active state. Active pro- 
tease was not detected with the use of casein and gelatin, Therefore, these substrates were replaced by a thin 
suspension of coagulated boiled serum protein purified by fermentation (with a preparation “Diaferm 3, IEM, 
AMN, SSSR, Beylinson[14]), This substrate was chosen because serum proteins, after their partial fermentative 
cleavage, acquire ahigher capacity for later blood proteolysis during action on them of different enzymes. 

Such a protein suspension was added to sterile samples of native serum or plasma up to a defintie selected tur- 
bidity. The presence of proteolytic activity was judged by the decrease of this beginning turbidity at different 
times after storage of the plasma at 37° for 2 and 18 hours at a pH of 7,0, 7.5 and 7.9, In these experiments, 


the presence of active protease was determined in antitetanus sera, obtained from the first and second bloodletting 
production of eight horse donors. 


As a result of these experiments, the active proteases of blood sera were detected in only 3 donors of tetanus 
serum (titer—1100, 800 and 300 antitoxin units AU/ml), Lysis of the protein suspension occurred in the first two 
hours after its addition to the studied samples of serum, The increase of time of contact of sera with the protein 
suspension up to 18 hours did not aid further manifestation of proteolytic activity. Lysis of suspension in one 
serum was observed at pH 7,0 and 7,5, in two others only at pH 7.9, It should be noted that the lytic activity 
was detected in sera which were obtained only from the first bloodletting of the donors, Not in a single serum 
sample of the second bloodletting of the same donor was lysis of the protein suspension observed, To confirm 
the presence of active protease in antitetanus plasma the following tests were carried out. 
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222 | 1150 8.7 
263 II 1150 0 
267 II 1150 0 
332 I 1150 17.4 
364 | 1150 26.4 
399 | 1150 4.4 
385 | 1150 4.4 
397 II 1150 4.4 
410 1 1150 17.4 
413 Il 1150 4.4 
Physiologica 1150 4.4 
saline 
From the results of these tests,only an approximate opinion could be established as to the presence of active 
protease in some samples of antitetanus plasma and serum. 
For the development of total proteolytic activity,it was necessary to select a method of activating the 
enzymes found in an inactive state, For activation of human blood protease,several methods are described in 
the literature, Some investigators for this purpose used fibrinolysin, which is a substance appearing in broth 
cultures of hemolytic streptococci group B. Other authors observed enzyme activation in processing of human 
: plasma or serum with some organic substances, In the opinion of a series of investigators, the influence of the 
~ action of these factors in the blood serum or plasma results in destruction of inhibitory enzymes, as a result of 
which the protease ‘is converted to an active form, 
In our experiments with use of fibrinolysin, we did not succeed in obtaining active enzymes in antitetanus 
serum, The best results as to activation of serum protease were obtained by use of processing with chloroform 
by the method described in the work of Rocha Silva, and Rimington [15]. 
In accordance with this method ,the enzymes were extracted from plasma or serum together with euglo- 
bulins by means of isoelectric precipitation and diluting the material with 19 volumes of distilled water (pH 5.2). 
7 For concentration of the enzymes isolated in this way, a portion of protein was dissolved ina pH 17.4 buffer and reduced 


To antidiphtheria serum purified by the method of "Diaferm 3" (2600 AU titer) were added different vol- 
umes of separate samples of antitetanus plasma of the first and second bloodletting of the horse donors.. In the 
control sample of the same serum,an equal volume of physiological saline was added, All the mixtures were 
placed in a thermostat and held at 37° for different periods. Immediately after the addition to the antidiphtheria 
serum of the studied samples of the antitetanus plasma and physiological solution in all mixtures,the antitoxin 
titer was determined, Titration (by method of flocculation) of diphtheria antitoxin in the mixtures was repeated 
at different periods after holding in the thermostat. The presence of proteolytic activity of the samples of anti- 
tetanus plasma was judged by the change in the original antitoxin titer, 


Protease activity in antitetanus plasma, detected by 
decrease in titer of antidiphtheria serum “Diaferm 3* 


Serum no, 


to 1/4 the initial volume of the plasma or serum, 10% CHgCly was added. Protease activation of serum antitoxin 


Results of these experiments, given in the Table, show that of six samples of antitetanus plasma studied, 
representing the first bloodletting of the donors, three gave evidence of lytic activity. After holding these 
samples in a thermostat for 46 days,mixed with antitetanus serum, their titer decreased by 17 to 26%, Under the 
same conditions in tests on the titer of antidiphtheria serum mixed with inactive samples of antitetanus plasma 
or physiological saline, there was no change or a decrease to a lower degree (a decrease of 4.4 to 8.7%). Thus, 
these experiments confirm that antitetanus plasma may contain factors which destroy antitoxin. 


Titer in the mixture (pH 7.1) 


Immediate- |Antitoxin in 

antidiph- % titer 
ly after mix theria serumidecrease 
ing (in AU) 
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occurred in the course of 18-72 hours under these conditions, For determination of total proteolytic activity 
of the plasma or serum antitoxin, casein, gelatin, or fibrin were mostly used, The best results in these experiments 
were obtained with use of fibrin, The fibrinogen was obtained from blood plasma antitoxin of horses by precip- 
itation with 8% ethanol in the cold. The fibrinogen precipitate separated in this manner was dried by sub- 
limation, Before use of the dry fibrinogen,a 1.5% solution was prepared in a buffer at the desired pH. For con- 
version of the fibrinogen in the fibrin clot, thrombin, also obtained from horse plasma, was used, 


For determination of proteolytic activity, to 0.2 ml activated concentrates of antitetanus plasma or serum 
was added 0,1 ml of a thrombin solution and then 1.0 ml fibrinogen solution.. Formation of thick fibrin clots 
usually occurred in the first several minutes after mixing of these three solutions, A mixture in which the 
concentrate of serum enzymes was replaced by an equal volume (0,2 ml) of physiological saline,served as a control. 
The presence of proteolytic activity was judged by disintegration of the fibrin clot. 


Ten samples were taken for the study of proteolytic activity of concentrates of antitetanus serum, Total 


activity was measured at 40° at pH 5.5 to 8.0. In these tests, the time for lysis of the fibrin at the indicated pH 
was measured, 


The results of these tests are given in Figure 1, 


From Figure 1 it can be seen that proteolytic activity was detected in all ten samples of antitetanus serum, 
The slowest fibrin lysis was noted in all the samples of concentrated plasma investigated at pH 6,0, the most 
rapid lysis was in the pH range 6.5 to 7.5. This pH zone,and in particular pH 7.5 and over are considered op- 
timum for manifestation of proteolytic enzyme activity in antitetanus sera, The values found by us for optinum 
PH zones for enzymes of antitetanus sera coincide with the observation of Kaplan et al. [16] and Christensen and 
MacLeod [17] as regards the protease of normal ox and human blood. 


Time in hrs, 


Time in hrs. 


45 


55 60 


Fig. 1. Influence of pH on proteolytic activity of antitetanus sera in extended 
lysis of fibrin: 1-10) number of serum samples. 


In our further experiments, we attempted to compare the total proteolytic activity in eight samples of 
antitetanus serum, Proteolytic activity in these tests was determined by the minimal volume of serum concentrate 
which lysed fibrin clots in 1 hour at pH 7.4 and 40°, 


The results of these tests are depicted graphically in Fig. 2, 


From these data, it follows that the investigated samples of antitetanus serum differed from each other by 
the activity of their protease. The highest lytic activity was possessed by three sera (5,4 and 10) in which 
fibrin lysis occurred with 0,015, 0,075 and 0.3 ml activated concentrate, In the other five serum samples, lysis 
of the fibrin clots was noted only when the volume was increased to 0.6 and 0,9 ml. 
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* In Russian, 
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Fig. 2. Total lytic activity of euglobulin fractions of 
antitetanus sera: 
2-10) number of serum samples, 


SUMMARY 


Antitetanus sera and plasma of horse blood contain proteolytic enzymes. The main part of these enzymes 
are found in the inactive state and are activated by chloroform. 


Proteases of antitetanus serum are easily detected by lysis of fibrin clots, By use of this substrate the com- 


parative value of the activity of these proteases in different samples of serum and plasma antitoxin can be meas- 
ured, 


Proteolytic enzymes of antitetanus serum and plasma exert their activity over a broad pH range (from 5.5 
to 8.0). The lowest activity of these proteases are observed at pH 6,0; the greatest from 6.5 to 7.5. 


Received June 12, 1956, 
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FATS IN THE ORGANISM OF THE OAK SILKWORM 


S. Ya. Demyanovsky and V. A. Zubova 


Laboratory of Organic and Biological Chemistry of the Moscow State V. I, Lenin 


Pedagogical Institute 


In the present work the changes in the fats at various stages of development of the oak silkworm Antheraea 


pernyi G, are examined, the fat metabolism of which has scarcely been studied. There are individual studies 
of the quantity of fat in the caterpillar in the 5th stage(1], in diapause pupae [2], in the butterfly [3], and in 
the egg[4]. The fats were not studied from the chemical point of view. 


The purpose of this work is to trace the changes in quantity of fat in the entire life cycle of the oak silk- 
worm, determine qualitative changes in the period of metamorphosis, and study the composition of the fatty 
acids of the pupa. 


METHOD 


The material for analysis was fixed with a sixfold quantity of alcohol by weight. The alcohol was de- 


canted and distilled under vacuum, and the residue was added to the basic material, preliminarily coarsely 
ground, All was dried in an electro-vacuum desiccator chamber at 40-50° in a stream of nitrogen for 3-5 hours 
and ground in a mortar, The quantity itself, weight of the raw and air-dried material were taken into account. 
After determination of water of hydration and fat content, its quantity(in %)of dry and live weight was calculated 
in mg/specimen, Water of hydration was determined by drying in an oven at 105° to constant weight [5], and 
the fat content in a Soxhlet apparatus, In determining the fat constant the method of cold infusion with ethyl 
ether, to preserve the fat from oxidation, was used. Determination of the constant was accomplished by the 
method described in Zinovyev[6] and Gryun[7]; iodine number by the method of Hilbl-Valler. 


RESULTS AND DISCUSSION 


Changes in Larval Fat Quantity inRelation to Growth 


The larvae were fed under natural conditions on 10-15 year-old oaks in May-June 1952 at the Zoological 
Institute Acad. Sci, Ukr, SSR. For arepeat analysis a secon! feeding was conducted in May-June 1953 at the same 
place. For the analysis a caterpillar was taken on the first day of each dormancy, as well as those that had 
just molted but had not yet fed, The caterpillar, just emerged from the egg, was fixed like the ones that 
had not yet fed, approximately 10-15 minutes after emergence from the egg. 


From the results of Table 1, it follows that in the feeding period the quantity of fat in the caterpillar in- 
creases to the time of dormancy, In the molting caterpillar its content decreases, which indicates decomposition 
of fat in the dormancy period, A large fat expenditure in the dormancy period in cateripillars during the feeding 
of 1952 by comparison with 1953 is explained by the unfavorabie weather, as a result of which the dormancy 
was extended, Thus, it appears that the extent of fat expenditure during the dormancy period depends on its 
duration. In the 5th stage there were noted differences in the level of fat storage, depending upon sex—the 
male caterpillar is richer in fat than the female, 
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TABLE 1 


Change in Fat Quantity During Larval Growth 


Feeding 
year 


1952 7.46 | 9.31 | 4.87 | 6.87 | 4.35 | 8.13 | 5.98 
1953 10.97] 9.03 | 6.53 | 8.36 | 6.37 | 8.42 | 7.36 


In the period of cocoon spinning,owing to silk formation the share of fat on dry basis continues to in- 
crease, although its absolute quantity decreases. Thus, in our experiments, the quantity of fat (on % dry basis) 
increased from 16.83% in the spinning caterpillars to 20.57%%in the females and 32,07% in the males in the first 
days of the pupa, For the same period the absolute quantity of fat decreased on the average from 399.5 to 359.1 
mg (per individual specimen), Consequently,the loss of fat for the period of pupa formation was 10.2%, Thus, 
at the time of cocoon spinning and linking to the: chrysalis, the fat is slightly spent. The basic energy and 
nutrient material at this time is evidently the carbohydrates. In this regard, the oaksilkworm is similar to the 
mulberry silkworm, in which the fat expenditure for the cocoon spinning period is 12%[8]. 


Parallel with the determination of fat quantity in the growing larvae of the oak silkworm was determined 
the iodine number of the fat in the dormancy period and molting of the caterpillar, 


TABLE 2 
Changes in Fat Iodine Number During Caterpillar Growth 


Growth of larva and pupa 


May-June | May-June 
1952 1953 


Larva just emerging 101.65 


125.4 
nd stage (just moltees 96.75 


to 3rd s tage 123.4 
3rd stage (just moite ) ; 105.6 
Dormancy to 4th stage : 136.8 


4th stage (just molted) ; 108.9 
Dormancy to 5th stage : 139.5 


5th (just molted) 116.9 

Caterpillar spinning cocoon 

Pupa in first day of existence, 156.89 
144.14 


The data in Table 2 show that the iodine number in the dormant caterpillars is always higher than in the 
molting ones, The iodine number increases in relation to the caterpillar growth and the greatest increase is 
attained at the beginning of spinning of the cocoon. The iodine number das a high value with the presence of 
unsaturated fatty acids in the caterpillar fat. In the period of active feeding in the caterpillar, there is an 


accumulation of fat and an increase in its iodine number; hence, an accumulation of fats with unsaturated acids. 
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In the dormant period a significant portion of the fat accumulation is expended, whereupon the fat iodine number 
falls sharply, that is, expended principally in unsaturated acids, 


In comparing the changes of fat quantity in relation to caterpillar growth at the time of dormancy and 
molting with the value of the iodine number at the same stages, it can be concluded that the unsaturated fatty 
acids play a large role as nutrient and energy materials in the larval rest period. Spinning caterpillars of diff- 
erent sex differ not only in the level of fat reserve, but in the quality of stored fat, The iodine number in the 
female fat is higher than that of the males, that is, the female fat is richer in unsaturated acids, 


In examining the changes in the fat in growing larvae of the oak silkworm, it can be seen that in the dy- 
namics of fat accumulation they are generally similar to other insects. In the oak silkworm,similarly to most 
insects,the highest level of fatstorage in the period of larval life is noted in the last larval stage. The regularity 
of change in fat quantity in the dormant period in the larva of the oak silkworm is very similar to that of the 
mulberry silkworm, 


Changes in the Fat Quantity During the Period of Metamorphosis 


Analysis was carried out on the material obtained in April 1952 and 1953, when the pupae had already 
emerged from the diapause. So as to compare the fat changes in diapaused and nondiapaused pupae, similar 
determinations were carried out on the summer pupae of the oak silkworm. In the winter diapause, as well as in 
the summer pupae not having diapause, fixations were taken at 1,8, 12 and 16 days growth, and before the flying 
moth, The moth was fixed one hour after flight. 


The changes in fat quantity in dry weight of pupal substance of the oak silkworm , diapaused and not 
having a diapause, without significant exception are the same for male and female, It follows,therefore, that 
diapause and hibernation do not exert an influence on the character of the changes of the comparative fat 
content during pupal growth, 


In the period of metamorphosis the fat content in dry weight of pupal substance of diapaused female pupa 
decreases uninterruptedly during the entire period of growth, and prior to the flight of the moth it is lowest. In 
the moth flown from the cocoon, the stored fat, in dry and as-is weight, increases insignificantly, In the dia- 
paused male pupa the fat quantity decreases until the 16th day, after which it increases and is highest in the 
moth, In the summer pupae the changes in fat content have the same character as in the winter ones, 


In comparing the changes in fat content in the metamorphosis period of the oak and mulberry silkworms, a 
considerable similarity between the two was evident. They differ only in relative fat content, while at the same 
time fully coinciding in the regularity of their changes, 


Determination of the change in fat content of one specimen gives the following idea of the course of fat 
usage during metamorphosis. The absolute fat content (in mg/specimen) regularly decreases during the entire 
period of development of the diapause pupa, and as in the mulberry silkworm [9], the fat is more expended in the 
female thaninthe male. Thus, in the female in the metamorphosis period 47.89% was expended in 1952 and 44.41% 
in 1953, The fat expenditure at the time of male- cocoon spinning amounted to 32,21% in 1952 and 34,71% in 1953, 


The greatest fat loss occurs in the second half of the metamorphosis period, In pupae regarded as not 
having a diapause, the absolute fat content falls uninterruptedly, up to the moment when the moth is fully formed 
but has not as yet emerged from the cocoon. In the moth,the fat content again rises, Thus, there are observed 
differences in the changes of the absolute fat content in the metamorphosis period in winter and summer pupae, 


The fat in the male pupae is greater than in the female , on all days of growth. In moths this difference 
is even more marked, Thus, the greater difference in fat storage in males, already appearing in the larva, becomes 
more evident in the pupal and imaginal stages, 


In comparison of the magnitude of fat stores in the different sexes of oak and mulberry silkworms, much 
similarity appears between these types. In the ‘mulberry as in the oak silkworm, the male contains more fat 
than the female[8-10}. In this regard the oak and mulberry silkworms represent an exception among insect 
classes in whichthe females usually contain an equal or greater fat content than the males, 
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There is observed a considerable similarity in fat transformation during metamorphosis in oak and mul- 
berry silkworms, If our results on changes in fat content of dry substance are compared with similar determ- 
inations in mulberry silkworms[9], then in the oak silkworm these changes have a more even character. 


Of the moths flying out of the cocoons in the spring of 1952, there was obtained the egg in which the 
fat content was determined. In the egg up to incubation was found 10,71%, and after incubation before emer- 
gence of the caterpillar, 5.62% fat, Thus, for the time of embryogenesis the fat content in the egg on dry 
basis decreases by almost half, which is in agreement with the data for other insect species, in which, during 
the period of embryo formation there is consumed about half of the original store of fatty substance, 


The magnitude of fat consumption in the metamorphosis and embryogenesis periods of the oak silkworm 
established in our work, as well as the low value of the respiratory coefficient, found in the pupa by Zolotarev 
[11] and in the egg by Sheldeshova [4], indicate that the fat is one of the energy sources, both in the pupal 
growth period as well as at the time of formation of the caterpillar and eggs. 


Some Fat Constants 


The chemical composition of the fat in the oak silkworm has not been studied; therefore, the questions 
have arisen: are there differences in the fat content of males and females in the pupa and moth stages; how 
does thefat change during growth and what parts of the fat are chiefly consumed at this time ? So as to answer 
these questions some chemical fat constants were determined in winter and summer pupae in the period of 
growth, separately for males and females, During the period of metamorphosis were determined: acid number, 


iodine number, saponification number, The studies were carried out on the fat of pupae feeding in 1952, so that 
analysis was undertaken on wintering pupae (diapause) and summer ones (nondiapause), Repeat analyses were 
performed on material of 1953, The results of these studies are given in Tables 3 and 4, 


The iodine number of the developing pupae is always higher in the females than in the males, on all 
days of pupa growth, Thus, in the female there is formed more unsaturated fat,whereupon the iodine number 
of the fat of the deposited egg is significantly higher than the iodine number of the female, Consequently, 
mostly unsaturated fat passes over into the egg. 


The highest iodine number value is found in the fat of the cocoon-spihning caterpillar, and in the first days 
of life of the female pupa. In the first half of the growth period of the pupae, the fat iodine number of the 
female falls considerably, leaving the second half of the period in question more or less constant. Evidently, 
the first half of the metamorphosis period in the summer pupae is related to an increased expenditure of un- 
saturated acids, as a consequence of which the iodine number decreases. In the metamorphosis period in the 
wintering pupae, the iodine number remains practically constant in both sexes, 


At the time of pupa growth the acid number fluctuates within broad limits; however, at the moment of 
flight of the moth its increase is very evident. The magnitude of the acid number decreases somewhat in the 
fat of the "flown-out" moth, The acid number of the female fat is somewhat higher than that of the male, 
which is especially clearly evident before flying out of the moth, The acid number in the egg fat increases at 
the end of embryogenesis, Comparison of the value of the acid number with the magnitude of the saponifcation 
number in corresponding fat samples shows that a large part of the fatty acids are combined as glycerides. 


The saponification number both in summer and winter pupae is somewhat higher in males than in females, 
The magnitude of the number indicates the predominant presence in the fat of glycerides of the Cyg series of 
fatty acids, This is also shown by the average molecular weight of fatty acids (279-281). During pupal devel- 
opment the saponification number ranges within limits of 190-198. 


From its chemical constants,oak silkworm fat is similar to mulberry silkworm fat. The saponification 
number of mulberry silkworm fat equals 190-199 [12], and that of the oak silkworm 186-199, The iodine 
number is somewhat higher in the oak silkworm (130-155) by comparison with the mulberry (125-132) [12]. 


The significance of the saponification number and also the acid and iodine numbers over the extent of 
pupal growth indicates that the fat quality during metamorphosis of the pupa into the moth is practically un- 
changed, but differences are observed depending on the sex of the pupa. 
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TABLE 3 


Certain Fat Constants in the Pupa and Moth 


Pupal state 


Iodine number 


Diapause 143.6 140.0 


430.0 | 431.8 | 450.4 | 130.6 | 130.3 129.9 


153.6 144.7 137.0 139.3 137.0 


Non-diapaus 
— 140.4 157.3 136.2 134.1 135.2 135.7 


Acid number 


Diapause g 1.74 5.77 
3 1.88 3.25 1.68 3.07 -- 8.03 
Non-diapause 9 4.09 3.814 4.75 7.74 11.28 9.30 
3 2.03 3.05 2.87 6.87 6.04 


Saponification number 


Diapause g 195.1 191.2 191.73 | 195.4 190.27 185.27 
3 196.13 | 198.45 | 197.73 | 199.77 _ 198.93 

Non-diapause .°] 190.2 191.8 | 193.35 | 193.8 196.8 196.5 
3 _ 190.6 _ 196.15 | 196.05 193.25 


TABLE 4 For study of the fatty acid composition of the pupal 


F fat, some constants other than the ones indicated earlier 
Certain Constants of the Egg Fat of the Oak ; : 
Sites were determined. The fat was separated from the dia- 

pause pupae, not yet developed, The results are shown 


the oak silkworm does not contain solid unsaturated 
acids, The iodine number of the liquid acids equalled 173.6 in the females and 166.1 in the males. 


in Table 5, 

Constant Before Before emer- 
develop- gence of the The fat was subjected to alkaline hydrolysis, which a 
ment caterpillar separated fractions of watersoluble fatty acids which 4g 
amnion constituted 95.6% of the female fat and 94,73% of the q 
Iodine number 152.7 132.6 male, The fatty acid mixture was divided into solid a 
Acid number 4,63 9.83 and liquid ones by the Twitchell method, whereupon, B 
Saponification there was separated 17.56% of solid fatty acids in the q 
number 195.83 192.93 females and 17.29% in the males, with iodine numbers a 
Ether 191.2 183.1 from 0 to 0.93, Apparently, therefore, the pupal fat of Pe 


In order qualitatively to detect the presence of oleic, linoleic and linolenic acids in the fat, the liquid fatty 
acids were separated in the form of bromides, and the bromides identified by their melting point. The bromina- 
tion was conducted by the method described by Belozersky [13], In this way were separated: a liquid bromide 
fraction; a tetrabromide fraction soluble in diethyl ether, with a melting point of 112; and a hexabromide 
fraction with a melting point of 179-182. There was no detection of octa= or decabromides, The residue of 
higher bromides, not soluble in ethyl ether, in which the presence of octa~ or decabromides could be assumed, 
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dissolved without remainder in 50 parts of boiling benzene andhada melting point of 179182", Consequently, 
the fraction of higher bromides contained only hexabromides, 


Accomplishment of the determination showed that in the pupal fat of the oak silkworm there were no 
acids with four and five double bonds, nor any solid unsaturated acids. The mixture of fatty acids dissolved 
readily in low boiling petroleum ether, which indicates the absence of hydroxy acids in the fat studied, We, 
therefore, used the Kaufman formula which makes possible calculation of the content of unsaturated acids from 


the iodine and thiocyanate numbers and quantity of saturated high molecular weight acids, The results are 
given in Table 6, 


TABLE 5 


Fat Constants of Winter Pupae 


Average 
cyanate molecular 


number 


Females 


Males 194.31 


TABLE 6 


Glyceride Content of Saturated and Unsaturated ‘Acids in the Fat of 
The Oak Silkworm Pupae 


Glyceride con= Glyceride content of unsaturated acids (%) 


tent of saturated 
acids Linoleic Linolenic 


Females 


Males 


Saturated acids were not identifiable because of the low quantity of fat at our disposition, 


The analyses showed that the fat of the oak silkworm is very close in composition to the fat of the mul- 
berry silkworm; it differs from the latter in having a somewhat lower content of saturated acids and a greater 
quantity of linolenic acid. The quantity of nonsaponifiable substances in the fat is not high; but it is somewhat 
greater in the females than in the males, There were observed the following differences in the fat characteristics 


of the females and males: the females contain more linolenic and less linoleic acid than the males. The oleic 
acid content is about the same for both sexes. 


The results obtained permit several conclusions as to the content and character of the fatduring growth 
and development of the oak silkworm. 


SUMMARY 


There was observed a difference between the sexes of the oak silkworm in fat quantity and quality, and 
aiso in its comparative content during metamorphosis, 
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number acids ac-|fatty acids 
4 Bertra 
1.56 192.2 | 193.44 | 144.9| 102.5 | 9.36 | 18.63 | 279.1 = 
a 
4 136.2 | 95.36 1,72 18.94 | 281.3 
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a Sex = 
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There are no principal differences in the changes in the relative quantity or quality of the fat during meta- 
morphosis in the diapause pupae and those not undergoing diapause, 


The level of fat storage in metamorphosis and embryogenesis and also the value of the respiratory coefficient 
during theseperiods indicates that the fat is one of the basic materials for energy exchange in the pupa and eggs, 


The fat of the oak and mulberry silkworms is similar in chemical characteristics and composition. 


Fat conversion in the oak and mulberry silkworms is similar, 
Received June 25, 1956. 


LITERATURE CITED 


[1] Strakhovskaya E. K., Effect of Glycine Feeding on the Development and Silk Producing Function in 
the Oak Silkworm,* Dissertation, Moscow, 1949. 


[2] Zolotarev E. Kh, Doklady VASKhNIL 4, 20,1950 . 
[3] 
[4] Sheldeshova G, G., Izv, Akad, Nauk USSR, Div, Biol. Sci. 4, 381, 1946 . 


Zebe E., Naturwiss. 40, 298, 1953, 


[5] Demyanov N, Ya.,and Pryanishnikov N. D. General Methods of Food Analysis; Moscow, 1934, 
[6] Zinovyev A. A.,Chemistry of Fats Moscow, 1952. 
[7] Gryun A.,Analysis of Fats and Waxes; Moscow, 1932, 


[8] Niemerko W., Acta, Biol. Exper. 14, 137, 1947, 

[9] Nakane S.,Lectures on the Physiology of the Silkworm and Mulberry Tree: Moscow, 1924, 
[10] Vaney C,, Maignon F,,Compt, rend, Ass, Trance, Avanc, Sci, 35, 465, 1907, 
[11] Zolotarev E, Kh,,Lavrova I.,and Tokareva L., Zool. Zhur, 19, 45, 1945. 
[12] Kuznetsov N. Ya.,Fundamentals of Insect Physiology? Moscow, 1948 . 


[13] Belozersky A. N. and Proskuryakov N. I.,Practical Manual of Plant Biochemistry? Moscow, 1951, 


* In Russian, 


a 
ag 
4 
® 
if 
¥ 
| 
by 
a 
we 
a 
7 
4 
‘yeh 
2 
q 
oF 
~ 


ACTION OF ALKALOIDS OF SPROUTING POTATOES ON CHOLINESTERASE 


A. A. Pokrovsky 


S. M. Kirov Academy of Naval Medicine, Leningrad 


Many cases of poisoning of people and domestic animals by the tubers of sprouting potatoes are described 
in the literature [1-3], It can be considered as established that the chief toxic agent which accumulates in the 
potato during growth is the gycoalkaloid, solanin[4). 


Solanin was isolated in crystalline form and studied in toxicological experiments, The characteristic 
symptoms of solanin poisoning are headache, vomiting,convulsions, lowered temperature, respiratory disturbance, 
and cardiac activity [5,6]. Kobert[7] maintains that in an adult 0,2-0.4 g of pure solanin is usually lethal, The 
biochemical mechanism of the toxicological action of solanin remains unclear. It is known only that solanin 
possesses a significant hemolytic activity and that cholesterol retards this hemolytic effect [8, 9]. 


In clarifying the mechanism of the toxicological effect of any poison,considerable interest is afforded in its 
ability to affect enzyme activity, The presence in the picture of solanin poisoning of symptoms related to 
stimulation of the cholinergic system and also the important role of these systems inthe life activity of the 
organism made expedient the attempt to study the influence of alkaloid of the sprouting potato on acetylcholine 
metabolism and, particularly, on the activity of the enzyme which decomposes acetylcholine cholinesterase, 


Previous research made it possible for us to establish the presence in sprouting potatoes of substances sub- 
stantially lowering cholinesterase activity. There was undertaken the study of the effect of water extracts from 
various parts of sprouting tubers cholinesterase activity. If the cause of the noted anticholinesterase effect was 
solanin, there should have been considerable differences in the inhibitory power of extracts from different parts 
of the plant. 


The method for determination of anticholinesterase action of extracts was as follows, Previously washed 
separate portions of the tuber were divided up with a cutter and allowed to remain 2 hours in five parts by weight 
of water. Suspension of the particles in the solution gave a means of filtration through gauze and then centri- 
fugation, As a result,a turbid, slightly colored extract was obtained. For investigation of the anticholinesterase 
property of the extract, horse blood serum containing a considerable quantity ofnonspecific cholinesterase was 
used, To 1 ml 10% solution of serum was added 0.25 ml of the water extract which in some cases was first 
diluted with water;the mixture was held for 30 minutes, 


Determination of cholinesterase activity was conducted by a colorimetric method we developed [10} and n 
in some cases it was checked manometrically with a Warburg apparatus, Determination of cholinesterase activity 
by the colorimetric method depended upon measurement of the time necessary for color change in an indicator- 
bromothymol blue, occurring as a result of freeing of hydroxy acids during the hydrolysis of acetylcholine, The 
reaction was measured in colorimeter tubes to which were added the given quantity of blood serum solution, the 
indicator, a borate buffer (pH 8.6), acetylcholine and water, The test tubes were held in a water thermostat at 37°. 


As a standard,served test tubes with corresponding contents in which the acetylcholine was replaced by an 
equal quantity of water (original blue color) or hydroxy acids (yellow-green color, corresponding to the final 


observation), The color comparison was made against a white background, without removing the tubes from the 
thermostat. 
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The intensity of the inhibitory effect was evaluated,based on a comparison of the activity of a standard 
cholinesterase solution before and after exposure to the extracts. The percentage suppression of cholinesterase 
activity was calculated by the formula: 


100 


A=100 


where A is suppression % of cholinesterase activity, t, is time (in min for decoloration of the indicator in the 
control test (before contact of the enzyme with the extract) andt, the time for decoloration of the indicator in 
the test tube (after contact of the enzyme with the extract), 


Results of the {nvestigation of anticholinesterase activity of potato extracts are summarized in the table. 


The data in the table indicate the presence in sprouting potato . tubers of fairly strong anticholinesterase 
agents while the bulk of these substances are concentrated not in the tubers themselves, but in the sprouts. 
Similar data as to the distribution of anticholinesterase substances were obtained also in extracts of potato tubers 
by methyl alcohol. Similar dataexist in the literature [4] as to distribution of solanin and character of the 
change in anticholinesterase activity in different parts of the sprouting potato. The part richest in solanin and 
possessing the greatest anticholinesterase activity is the embryonic tuber tissue ~ the sprouts, 


Anticholinesterase Action of Extracts of Sprouting Potato Tubers 


Time for color change G&choline- 


solution sterase de- 
pression 


Water (control) 

Tuber extract with re- 

moval of sprouts 25 
Extract of sprou over 5 hrs, 

75 

Ditto 1:10 55 


Ditto 1:100 18 
Ditto 1:1000 10,5 


Sprout extract diluted 
1:5 


The data obtained rendered expedient study of anticholinesterase power of purified glycoalkaloids~solanin 
and also several related to it by structural relationships. 


The solanin was prepared by us from potato sprouts by the method of Petrochenko[11]. In addition, we 
obtained samples of this alkaloid, as well as its aglycone~solanidine -from the laboratory of the Biochemical 
Institute Academy of SciencesJJSSR.* Samples of tomatin were obtained by us from the Scientific Research 
Institute of Pharmicochemistry, Solanin, tomatin and solanidin are difficultly soluble in water, For this reason 
we first dissolved these substances in hot methyl alochol (heated on a water bath until complete solution) and only 
prior to exposure to the serum was the alcohol solution diluted with water, 


In using methanol as a solvent, we took into account the inherent anticholinesterase effect of alcohols. Our 
tests showed that methyl alcohol, by comparison with other alcohols has a lesser influence on cholinesterase 
activity. The anticholinesterase effect of a 15% aqueous solution of methyl alcohol was insignificant. Never- 


theless, in all the tests with glycoalkaloids,we carried along a check as to the possible effect of the alcohol 
(control with 10% methanol). 


* We take the opportunity to express our profound appreciation to coworker E, I, Petrochenko of the Bio- 


chemical Institute Academy of Sciences, | USSR for making available preparations and affording valuable in- 
formation, 
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In studying the magnitude of the anticholinesterase action of glycoalkaloids we prepared solutions with 
gradually decreasing amounts of 10% methyl alcohol. These solutions were prepared immediately before the 
tests by dilution with water of the alcohol solution of the alkaloid, A complicating circumstance was the 
partial separation of the glycoalkaloid with formation of turbidity, noted in dilution of the most highly con- 
centrated solutions, 


The levelsof anticholinesterase activity of two of the more important glycoalkaloids of solanaceae, 
solanin and tomatin, were determined. The latter is closely similar in chemical structure to solanin and is 


contained in tomato plants, Findings defining the anticholinesterase effect of the glycoalkaloids are shown in 
Figure 1, 


%cholinesterase 
depression 


50 
Dose, pg 


Fig. 1. Anticholinesterase effect of purified 
glycoalkaloids of the solanaceae with respect 
to nonspecific cholinesterase of blood serum. 
1) Solanin; 2) tomatin 


Inspection of the graph leaves no doubt as to the strong anticholinersterase action of the substances studied, 
with the greater degree of anticholinesterase effect being exhibited by solanin. The depressant effect on cholin- 
esterase activity was shown by insignificant amounts ofsolanin~ one tenth of a microgram per sample. 
It should be stated that the magnitude of the anticholinesterase effect of the glycoalkaloids ranged somewhat 
in further experiments in relation to the serum samples, 


The comparison of anticholinesterase activity of these alkaloids with their chemical structure was of 
interest, 


According to present ideas,solanin is composed of an alkaloid~solanidine- bound by a glucosidic link to 
trisaccharides, in the composition of which enter glucose, lactrose and rhamnose groups [ 12-14). 


Solanidine is a derivative of cyclopentanperhydrophenanthrene, condensed with a tertiary nitrogen atom in 
the ring. The trisaccharides are annexed to solanidine through glucoside links by the hydroxyls in third position. 
The other glycoalkaloids of the solanaceae are similar in structure~tomatin, disolasonin, solanocapsin, etc. ; 
however, in contrast to solanin, tomatin contains a secondary nitrogen atom. 


The presence of glycoside linkages and the specific similarity in the aglycone structure is general for all 
glycoalkaloids. 


In light of the problensof the relationship between the structure of chemical linkages and their biologic 
effects, it was of interest to clarify the role of glycosidic linkages and polysaccharide groups in relation to 
solanin anticholinesterase activity, in other words,to decide whether the property of anticholinesterase effect is 
based only on glycoalkaloids, or also on aglycones. With this purpose a comparison was made of the anti- 


* Russian unit of weight- 44,435 mg. 
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cholinesterase effect of the solanin glycoalkaloid and its aglycone ~solanidine, The experimental method was 
described previously. 


In Figure 2 are shown the results of investigation of effects of solanidine and solanin on two samples of horse 
blood serum. Aside from the presence of some individual differences in degree of :sensitivity of the enzymes of 
the two sera, in both cases the higher effect of solanidine isapparent. The anticholinesterase effect of solanidine 
is not only not lower, but even somewhat higher than the analogous effect of the glycoalkaloids. In calculating 
the level of anticholinesterase effect on the content of solanidine in the solanin molecule,the relationship between 
these two characteristics was determined, 


Thus, the functional grouping in the solanin molecule responsible for its anticholinesterase activity is not 
the glucosidic structure, but the content in the glycoalkaloid aglycone~solanidine. 


% cholinesterase In conclusion there was studied the influence of 
depression solanin on the specific cholinesterase of the central 
nervous system. 


For this purpose a water extract of various portions 
of rabbit brain was prepared, and the glycoalkaloid 
effect on cholinesierase activity was studied, The water 
extract was prepared by grinding a suspension of brain 
material in nine parts of water (by weight), For devel- 
opment of the anticholinesterase activity 0.5 ml of 
alkaloid solution in 10% methanol was held in contact 
with 1 ml brain extract for 30 minutes and then the 
enzymatic activity of the extract, subjected to the action 

of a solanin solution (sample) and only one solvent (con- 
50 100 trol) was determined, For comparison in parallel experi- 
Dosage in yg ments the inhibitory effect of solanidine on nonspecific 
cholinesterase of blood serum was determined, The re- 
Fig. 2. Anticholinesterase effect of solanin and sults are shown in Fig. 3. 


solanidine n relation to nonspecific cholin- 
of Meek item. It is evident that the anticholinesterase activity of 
dine; 6) first serum; 7) second cunies solanin is shown to a much greater degree in relation to 


so-called nonspecific cholinesterase contained in blood 
serum, The inhibitory effect of glycoalkaloids on specific 
brain cholinesterase activity is shown in lesser degree, 
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Fig. 3. Anticholinesterase effect of solanin in relation 
to specific brain cholinesterase and nonspecific blood 
serum cholinesterase. 

1) Serum 2) brain extract. 
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The data obtained are of interest in two respects, First, two alkaloids (solanin and tomatin) possess strong 
anticholinesterase activity. Our tests were carried out only on two representative glycoalkaloids of the solanaceae, 
However, the similarity in structure of other glycoalkaloids of this group~ dimissin,solasonin, etc.~ permit the 
assumption that the anticholinesterase property is inherent in most of its representatives. Thus, we evidently 
hit upon a new, definite group of anticholinesterase substances of plant origin. Second, it is important to rec- 
ognize the fact that the anticholinesterase activity of glycoalkaloids is related only to their aglycone portion. 


Recently a list of alkaloids possessing anticholinesterase activity was somewhat expanded. Thus, significant 
anticholinesterase activity was detected in the alkaloids of the boxtree.[15-17]. Curiously, the effect of the 
boxtree alkaloids, as with solanin, is to a large degree said to be on the nonspecific esterase of blood serum, The 
true brain cholinesterase was more resistant to the boxtree alkaloid, On the other hand, there have appeared 
new synthetic materials which possess a greater activity with respect to the specific cholinesterase of the nervous 
system, Thus, apart from methods of enzyme differentiation, based on substrate specificity, it is possible to 
develop reliable methods for determination of cholinesterase type, based on specific inhibitory enzyme activity. 


The biological significance of depression by nonspecific cholinesterase poisons has not been sufficiently 
studied to the present time. However, depression of nonspecific cholinesterase activity cannot be regarded 


indifferently, since it causes the discontinuance of one of the most active and widespread enzyme systems of 
the organisin. 


Solanin anticholinesterase activity can be regarded as one of the principal rapid approximate methods for 
determination of the concentration of toxic glycoalkaloids in potatoes. In effect, the curve shown above, 
reflecting the relationship between alkaloid level and magnitude of inhibitory action,can be used in the nature 
of a calibration curve for determination of the alkaloid content of plant materials. The useful aspects of such 
a method are its high sensitivity and also the comparative simplicity and specificity. 

SUMMARY 


Water extracts of sprouting potato tubers depress the nonspecific cholinesterase activity of blood serum, 
The inhibitory effect of the sprouts is particularly strong. 


Glycoalkaloids of solanaceae~solanin and tomatin~ exhibit an inhibitory influence on nonspecific cholin- 
esterase activity. 


The chief structural grouping in the composition of the glycoalkaloid solanin responsible for the anti- 
cholinesterase effect is aglycone — solanidine. 


The inhibitory effect of solanin is manifested to a considerably greater degree with respect to the non- 
specific cholinesterase of blood serum. The solanin action with respect to the true brain cholinesterase is 
exhibited to a lesser degree, 


Antiesterase activity of solanin can be regarded as one of the principal methods for the approximate de- 

termination of biological harmfulness of solanin concentration in potatoes. 
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MICROMETHOD FOR COUMARIN DETERMINATION IN PLANT MATERIALS 


K. Blyaim 


Biochemical Laboratory of the Institute for Selection and Acclimatization of Plants, Pulavy, Poland 


Among the known methods for coumarin determination in plant materials the one most frequently em- 
ployed is that of Obermeyer (1), or some modification of this method [2-4]. 


These methods depend on the oxidation of coumarin in the presence of ZnSQ, and potassium permanganate, 
the amount of coumarin being calculated from the quantity of permanganate used up. The second category of 
methods includes the colorimetric determination of Clayton and Larmour [5] and its modifications [6 ; 7] adapted 
to selective work with sweet clover (Melilotus), These methods are based on measurement of the extinction of 


colored compounds formed as a result of reaction of diazocompounds and phenols in alkaline cyclic medium, 
Coumarin belongs to the group of lactones : 


Under alkaline conditions the lactone ring is broken with the formation of a hydroxyl group in the 
position of the benzene ring. Reaction of this compound with diazo-p-aniline yields a crimson color. However, 


this reaction is not specific and therefore, determinations based on it are not reliable, and can be considered only 
approximate [8], 


In the third group of methods for determination of coumarin, its property of fluorescence is utilized. These 
methods were widely applied in selected researches on the investigation of coumarin-less sweet clover [ 9-11]. 
They belong to the category of qualitative methods, Their common characteristic lies in extraction of the 
coumarin at 95° with 2.5 N sodium hydroxide and final measurement of fluorescence, Recently these methods 


were used by Ferencz and Veres[{12] for fluorometric determination of coumarin concentration with the aid of 
a photoelectric colorimeter of the Lang type. 


However, several other substances passing over into the alkaline water extract with coumarin also fluoresce, 
so that the method cannot be considered precise. 


EXPERIMENTAL 


As is evident from the literature there are but few methods for the quantitative determination of coumarin 
in plant materials. Most frequently, the Obermeyer method or some modification is employed. These methods, 
however, are laborious and do not always yield reproducible results. Their shortcomings are shown above all in 
that the coumarin is determined through its oxidation by potassium permanganate in water extracts, which 
often contain volatile organic substances, Reduction of KMnQ, by the latter may give high results. Removal 
of these substances by precipitation with lead acetate increases the precision of the method, but makes the 
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determination itself longer. Moreover, the indicated methods require greater quantities (5-10 g) of the sample 
and, therefore, cannot be utilized in physiological investigations, 


In attempting to develop a simple quantitative micromethod for determining coumarin in plant materials, 
we tried first of all to find a rapid means of extraction, and then to obtain coumarin in as pure a form as poss- 
ible, 


In seeking a suitable solvent, chloroform, whose boiling point is lower than the volatilization temperature 
of coumarin, was considered. This solvent also has the advantage that, as shown in one of our studies [13], it can 
be used for chromatographic purification of coumarin, 


As is known from the literature [14], coumarin is found in free form in plant materials, or in the form of 
unstable combination, In view of this we assumed it to be extractable with chloroform. To demonstrate the 
correctness of our hypothesis we carried out comparative studies, For this purpose we exposed sweet clover 
leaves to the action of 10% hydrochloric acid to split any existing glucosidic bonds of coumarin, We then 
determined the coumarin content and compared it with the coumarin content of the same material not subjected 
to preliminary hydrolysis, The results of these determinations are shown in Table 1, 


TABLE 1 The results obtained support the feasibility of using 
the extraction method in coumarin determination, 

Comparison of Coumarin Content in Extracts 

Obtained from Samples of: Sweet Clover Hav, 


Hydrolyzed and Nonhydrolyzed 


The time of extraction necessary for complete re- 
covery from the investigated material could be cut to 
three hours, thanks to the use of small samples, The 
extraction was carried out in a Bessen type apparatus, in 
which the sample under investigation undergoes the 
action of the heated solvent. 


Coumarin content of sample, 
in mg 


Hydrolyzed 


Weight of 
sample,in mg 


Not hydrolyzed Purification of the coumarin solution was obtained 


by passing the extract through a chromatographic column, 


100 1.0 As a result, the extract was freed of color and, in part- 
200 i icular, of chlorophyll, which, due to its property of fluor- 
300 2.9 escence was an obstacle in the fluorometric determination 
500 5.7 of coumarin, 


The principle of fluorometric determination of co- 
marin is based on the use of the property of the sodium or potassium salt of coumarin to fluoresce. 


The special value of the fluorometric analysis lies in the possibility of detecting the quantitatively de- 
termining minimal concentrations of substrates by this technique, The property of coumarin to fluoresce was 
utilized, as indicated above, in the approximate determination of this compound in sweet clover. 


After chromatographic purification of the coumarin solution the chloroform was vacuum distilled and so as 
to avoid sublimation of the coumarin, 5 ml of alcohol was added near the end of the distillation, and only then 
was the chloroform fully removed. 


As shown by our tests this method eliminates the possibility of losing coumarin and greatly increases the 
accuracy of the results obtained, 


Our tests showed that the maximum intensity of coumarin fluorescence can be attained by use of an approxi- 
mately 1N alcohol-alkali solution, 


Since in the transfer of the coumarin from the distillation flask into a graduate we, for practical reasons, 
used pure alcohol, then for the development of fluorescence we used an alcohol-alkali of a stronger 
concentration, Using 25 ml volumetric flasks, 5 ml of 5 N alcohol-alkali solution was used, thus obtaining 
aiNalkali solution, For fluorometry a Pulfrich photometer, with fluorometric adapter, was used, Since 
coumarin fluoresces with a green color we used a red Ly filter and 5 C: Standard (glass comparator), Measure- 
ments with pure coumarin showed that the lowest quantity of coumarin which could as yet be determined was 
a concentration of 0.2yg/ml. Thus, using a Pulfrich fluorometer with an Ly filter such quantities of investigated 
material should be taken that the coumarin concentration measurement: lie in the range from 0.2 to 2u g/ml. 
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Reagents and Apparatus 


1) Chloroform; 2) 5 N methanolic KOH (can be stored one day); 3) methanol; 4) infusional earth; 
5) Bessen type extraction apparatus (for hot solvent extraction ); 6) cartridges or pre-extracted holders; 17) 
vacuum distillation apparatus; 8) equipment for column chromatography; 9) fluorometer, 


Determination 


carefully ground in a mortar, 


Extraction, 20 mg of prepared material are inserted in a small cartridge or case, placed in the extractor, 
and 50 ml of chloroform added, |. The extraction is carried out for 3 hours, At the end of extraction the chloro- 
form extract is transferred quantitatively to a 50 ml volumetric flask and made to the mark, 


Chromatographic purification, From the extract obtained, 10 ml are taken for chromatographic purification. 
The column is prepared as follows, In a chromatography tube with a diameter of 15 mm there is placed a pledget 
of cotton, and infusional earth, ground in a mortar, is added in such quantity that it forms a layer about 15 mm 
in height, A layer formed in this way adsorbs only a small quantity of chloroform during washing. When the 
chloroform wets the entire adsorbent layer, the solution under test is poured on, Percolation is conducted under 
reduced pressure through the use of a water aspirator, The suction is adjusted so that the rate of the emergence 
of the solution from the adsorbent column into the suction flask was about 20 drops a minute, The tube is then 
filled with 20 ml pure chloroform, so as to elute the coumarin from the column quantitatively. The solution 
thus obtained is quantitatively transferred to a distillation flask and the solvent distilled under vacuum, When 
the contents of the distillation flask go down to about 5 ml, 5 ml of methanol are added and only then is the 
chloroform completely distilled off. 
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Concentration 


5 10 
Fluorescence intensity (scale readings) 

Relationship between fluorescence intensity and coumarin 

concentration 

Readings were taken on the right drum of the Pulfrich ; 


filter Ly, standard (comparison glass) 5C; 1 cm cuvette; 
read after 5 minutes exposure; 18°, i 
Fluorometric determination, When the chloroform is fully distilled offjthe methanol solution of coumarin als 
is quantitatively transferred to a 25 ml volumetric flask, There are then added 5 ml 5 N methanolic KOH, and v 
the whole is made to the mark with pure methanol, well mixed,and transferred to a cuvette, The cuvette is a - : 
placed in the fluorometer and a reading is taken after a 5 minute exposure, 4 
Establishment of the calibration curve, To construct the calibration curve 10 mg of coumarin are weighed a 


out and dissolved in 100 ml chloroform. 10 ml of this solution (1000yug coumarin) are taken and made to 100 ml, 
1 ml of this solution contains 10 4g coumarin, Various quantities of this second solution are measured into dis- 
tillation flasks with a microburette, The procedure from this point on is the same as described above, 
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The figure shows the calibration curve obtained on the Pulfrich photometer for a coumarin concentration 
between 0,2 and 20 yg /ml. 


Example of calculation, 20 mg of sweet clover leaf were taken, comminuted and dried at 50°, 50 ml 
of a chloroform extract was obtained, From this quantity 10 ml was taken from chromatographic purification, 
which corresponded to 4g. The fluorescence intensity of the solution corresponded to a coumarin con- 
centration of 1.58 g/ml, From this the coumarin content in a 20 ml sample was 1,58+ 25° 5, that is 197.5 yg or 
0.1975 mg (25-number of ml of alkali solution of coumarin obtained in solution in the 25 ml volumetric 
flask), Expressing this quantity in percent, there is obtained; 


0.1975¢ 
% coumarin = = 0.99 


Accuracy of the Method 


The measurements carried out (12 measurements) and calculation touching on the accuracy of the method 
showed that the average mean square error of a single determination calculated by the formula : 


equalled 0,079, Therelative error, that is the relationship of Fm to M (the arithmetic mean, calculated from 12 
measurements is 1,58 in the given case) expressed in percent, equals 5%, 


TABLE 2 Comparison of Analytical Results Obtained 
by the New Method and the Duncan-Dustman 
Comparison of Analytical Results by the New Method 
Methcd and the Duncan-Dustman Method 
The comparative coumarin content of white and 

yellow clover, sweet grass (Hierochloe odorata) and 

sweet clover seed according to the developed method 
%ocoumarin 
content on and the Duncan-Dustman method is shown in Table 2, 
dry basis 


As seen from Table 2 the results are somewhat lower 
by the new method than by the Duncan-Dustman method, 
The reason for this evidently is the lower precision of the 
Duncan-Dustman method, 


Material investigated 


White clover SUMMARY 
Yellow clover 
grass 


Clover seed*® 


A rapid fluorometric micromethod for coumarin 
determination in plant materials with a 45% precision 
has been developed, 


Deep appreciation is expressed to Prof, Dr. Z. 
Vezhkhovsky, director of the division of general chem- 
7 Ais pha ots tae quantity of coumarin in the istry of the Lyublin agricultural school for his advice 
seeds.50 mg of sample were taken, It was not poss- and direction in the development of the present work, 
ible to determine coumarin in the seeds by the 


Duncan Dustman method, 
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INVESTIGATIONS OF GLYCINE METABOLISM AND PURINE BIOSYNTHESIS 
IN BIRD LIVER 


G. A. Kritsky and G. L. Myagkaya 


A. N. Bakh Biochemical Institute Academy of Sciences USSR, Moscow 


The problem of purine biosynthesis has long attracted the attention of numerous investigators[1; 2]. In 
recent years through the use of isotopes and chromatographic methods of research on this question there is much 
hope for success [3 ; 4]. 


Buchanan and coworkers [5 ;6] and also other authors [7-10] showed that glycine, carbon dioxide and formic 
acid are the precursor elements which make up the purine ring. The amide nitrogen of glutamine also enters 
the purine ring comparatively easily[11]. The most widely accepted scheme of purine synthesis is that of 
Greenberg [12], according to which the biosynthesis of the purine ring proceeds through intermediate formation 
of glycinamidoribotide and carboxyamidoribotide, 


Until recently the Greenberg scheme could be considered hypothetical inasmuch as data as to transform- 
ation of glycinamidoribotide into inosinic acid was considered by Greenberg in his latest work [4] to occur pre- 
liminarily, However, most recently (when the present study was already completed), there has been a series of 
confirmations in the use of the indicated scheme. In accordance with Goldthwait's data [13] in the process of 
biosynthesis of the purine ring, 5-phosphoribosylpyrophosphate, glutamine, glycine and adenosine triphosphate 
interact in pigeon liver homogenates with formation of glycinamidoribotide, The latter combines with activated 
formyl groups whereupon the imidazole ring closes to which ammonia is attached enzymatically, The 5- 
aminomidazolribotide (AIR) is converted to 4 (5)-amino-5 (4)-imidazolcarboxamidoribotide (AICAR). 


According to Lukens and Buchanan [14] the conversion of AIR to AICAR is one of the stages of biosynthesis 
of inosinic acid in birdliver, This equilibrium reaction requires ATP, aspartic acid and bicarbonate, Glutamic 
acid cannot replace the aspartic. Two enzyme fractions (I and II) which bring about the conversion of AIR into 
AICAR were separated from pigeon liver. 


The first enzyme fraction upon addition of the required substrate brings about conversion of AIR into 5-amino 
4-imidazole (N succinyl-carboxamide) ribotide, This intermediate product, still insufficiently studied, upon 
incubation with the second enzyme fraction yields AICAR and at the same time splits off fumaric or malic acid 
(the second enzyme fraction contains fumarase), 


Despite the success achieved the question of paths of purine biosynthesis cannot be considered as sufficiently 
developed. 


According to Clement's latest findings the formation of uric acid in birds proceeds from dialuric acid and 
uracil, 


Detection of intermediate products during purine biosynthesis may evidently be achieved through a sys- 
tematic study of the products of biochemical transformation of purine precursor substances, 


In previous studies [16 ;17) with the aid of paper chromatography and radioautography, the transformations 
of labelled purine precursors (glycine-1-c¥ ° c™-formic acid and CM O,) were studied in pigeon liver homogenates, 
The radioactive products of the biochemical conversions of purine precursors were separated into a series of 
radioactive fractions by such methods, In this way 12 radioactive fractions were obtained from glycine-1-c™, 
Some unidentified radioactive fractions strongly accumulated during addition of those substances which are 
activated also in the biosynthesis of hypoxanthine, This made possible the assumption that the unidentified frac- 
tions mentioned (as, e.g., fraction 5 in tests with c™ formic acid and fraction 9 in tests with glycine-1-c™) 
were either purine precursors or substances closely related to purine metabolism [16; 17). 
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In the present investigation several of the above-mentioned fractions were identified (fractions 5,7,8,10 
and 12 in tests with glycine-1-C4) and in addition some data were obtained as to inclusion in purine compounds 


of C™ from fraction 5 in tests with C4formic acid, as well as from fractions 2a, 2b and 9 in tests with glycine - 
1-c*, 


METHOD 


For the study of transformation products of purine precursors in the organism, pigeon liver was used in 


the present work, since hypoxanthine synthesis in it does not undergo oxidation or reduction, as is the case in 
other animal organisms. 


As a basis for the method of research,the isotopic and paper chromatographic methods were used, Glycine- 
1-C™ and C™ formic acid were used as the starting materials for purine biosynthesis, 


For detection of radioactivity on the chromatograms, basic use was made of the radioautographic method 
and inother cases a “B® type scaler with an end counter of 20% counting efficiency. 


To detect the transformation products of purine precursors of pigeon liver homogenates,the raw materials 
which appear necessary for biosynthesis of hypoxanthine were incubated with the substrate, Typical composition 
of the reaction mixture for the investigated conversions of purine precursors is shown in Table 1, 


TABLE 1 The pigeon liver homogenate was prepared by 
grinding the tissue in a glass homogenizer with the 
Composition of Reaction Mixture Used in the addition of an equal weight of 0.1 M phosphate buffer 
Investigated Conversions of Purine Precursors (of pH 7.0, containing 0.1 M KCl and 0,01 M MgCl,), 
in Pigeon Liver Homogenate. The reaction mixture was incubated in a thermostat at 
45 Minutes incubation at 37-38". 37-39" for 45 minutes, 


For protein precipitation after incubation,3 ml of 

Component of the : n-butanol saturated with water was added to the sample, 
reaction mixture ‘ the reaction mixture was shaken and held ina therm- 

ostat (40-45") for 1,5-2 hours, during which time the 

mixture was shaken periodically, The protein floc was 

removed by filtration, The removal of protein with 
Homogenate (ml) d the aid of butanol was done so as to create, as far as 
Radioactive substance ; possible, the most favorable conditions for preservation 
PR Fo 2 ) of the purine precursor conversion products, since some 
NaHCO cms} of them might be very unstable, Shaking of the pigeon 
Glycine, not labelled(mg liver homogenate with butanol at an elevated temp- 
Formic See erature results in flocculation of the main protein mass, 
Phosphate Suffer with The filtrate of the coagulated proteins contains a com- 
0,1M KCl and 0,01M paratively small quantity of proteins, which do not 


Mgcl,; pH 7,0 (ml) 
Pyruvate (mg) interfere with the paper chromatography. 


Folic acid (mg) 
Methionine (mg) 
Thymol (mg) 


= 


In special tests we compared two methods of protein 
removal from pigeon liver homogenates after incubation 
with glycine-1-c™, In one sample the above -described 
method for removing protein through use of butanol was 
used, and in the other the protein was denatured by the Sevag[18] method using a mixture of chloroform and 
amyl alcohol, This method can provide full protein removal from the solution, The filtrates of the protein 
coagulum of the two samples were paper chromatographed and the chromatogram was photographed radio- 
autographically. This indicated that the distribution and intensity of radioactive spots in both samples were 
practically identical, In this connection, in all the following tests we used the method of protein removal em- 
ploying butanol, as more convenient technically, 


The filtrate of the protein precipitate was paper chromatographed by the descending chromatography 
method, Bolodarsky paper (regular “fast") of the Leningrad factory was used for partition, The length of the 
paper strip was 45-50 cm, As a solvent,a mixture of 90% n-butanol saturated with water and 10% of 85% formic 
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acid was used, In some cases water-saturated n-butanol in the trough and 3% ammonia in the bottom chambers 
were used for separation of hypoxanthine and alanine, The chromatograms were dried out and examined in an 
ultrachemiscope [19], after which they were put into x-ray adapters (usually for 20 days) for taking of the 
radioautogram. In some tests the specific radioactivity of the purine base was determined, For this purpose the 
solution of the purine base under test was photographed under ultraviolet light. This solution was then con- 
centrated, transferred to a counting disk,and the radioactivity determined, The quantity of purine base was 
determined by the formula C =e/k, where C is the concentration of purine base in g/l; e,the maximum absorption 
of the solution being tested ; k,the specific absorption of the base being tested. Foradenine, k= 100; for hypo- 
xanthin,k = 94, The specific radioactivity is determined by dividing the impulse count by the quantity of purine 
base in mg. 


The c™-potassium formate and glycine-1-c™ used were commercial preparations, The labelled glycine 
was not additionally purified, since a check of its purity by chromatography and radioautography showed it not 
to contain any foreign admixtures, 


EXPERIMENTAL 
Control tests on inclusion of glycine-1-c™ in hypoxanthine. 


Figure 1 shows a typical example illustrative of inclusion of glycine-1-C™ in hypoxanthine under the 
conditions of our tests, In addition in this figure we indicate all the radioactive fractions obtained in tests with 
glycine-1-c™, 


In the initial position of the chromatogram was placed the filtrate with radioactive fractions, In the 
position marked with a cross on the first line of the chromatogram, labelled hypoxanthin was applied, After 
partition the chromatogram was studied in the ultrachemiscope. The correspondence of the stains of the known 
hypoxanthin with that band, visible in the ultrachemiscope, which corresponds exactly to the dark band on the 
radioautograph, indicates the inclusion of glycine-1-c™ in hypoxanthine. 


Comparison of transformations of glycine-1-c™ in homogenized and sliced pigeon liver, 


Equal quantities by weight of pigeon liver were taken in two samples, one sample in the form of a homo- 
genate, the other in the form of slices, The other conditions in both samples were alike and corresponded to those 
in Table 1, Incubation was conducted in a Warburg apparatus, The test was repeated twice, From the radio- 
autograms obtained it was evident that glycine-1-c™ was incorporated into the nucleotide, inosinic and hypoxan- 
thine —_ fractions much more rapidly in the liver slices than in homogenates. In fraction 5,7,10, 11 and 12 the 
c™ of glycine-1-C™ is much more quickly incorporated in the liver homogenate than in the slices, Since one 
of the basic purposes of the investigation was elucidation of the nature of fractions 5,7,8,10,11,and 12,it was 
more expedient to work with homogenates for accumulation of these fractions, 


Incorporation of c* from glycine-1-c™ in different fractions with different incubation periods, 


What incubation period was most expedient for accumulation and study of those fractions of which 
elucidation was of interest. In order to decide this a special test was set up. The test mixture was set up in 
three fractions which were incubated for different periods: 10 and 45 minutes and 3 hours, The samples were 
of the usual composition, The results of this test are shown in Figure 2, 


The following conclusions can be made based on the test. Incorporation of c™ from glycine-1-c™ into 
hypoxanthine amd jn all other radioactive fractions are already clearly evident after 10 minutes incubation. Upon 
incubation for 45 minutes and 3 hours only the quantities of these fractions changed. In comparing the results 
of the 10 minute and 3 hour incubations, it can be observed that in this interval there is a sharp increase in the 
radioactivity of fractions 6 and 10, while some weakening of radioactivity is evident infractions 7,8 and 12, In 


the indicated test another radioactive fraction is evident, occupying a position between fractions 6 and 7, and 
not noted earlier, 


Aside from the radioautographic studies on the samples, the specific radioactivity of hypoxanthine was also 
determined, 


4 
: 
Bs 
| 
a 
4 
. 
4 
4 


24 


a 


Fig. 1. Incorporation of glycine-1-c™ in hypoxanthine: 

a) chromatogram (schematic notation of the shape of the spots 
observed by the ultrachemiscope); b) radioautogram, The 
characters on the figure denote the fraction number ; 0) initial 
chromatogram position; 6) fraction comprising hypoxanthine; 
x) point of application of hypoxanthine. 


So as to obtain pure hypoxanthine, radioactive hypoxanthine was chromatographed once again with butanol 
ang.ammonia. A second partition provided separation of hypoxanthine from contamination with radioactive 
alanine which frequently is located at the same point as hypoxanthine, The specific radioactivity of hypoxan- 
thine in the third sample (incubation time 3 hours) was 29,650 pulses/min./mg (average of two determinations), 
The specific radioactivity of hypoxanthine incubated for 45 minutes judging by the average sample in a series 
of tests was 1,685 pulses/min./mg. The specific radioactivity adduced here, as further, was without taking into 
account the counting efficiency. 
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Fig. 2. Incorporation of glycine-1-c™ in different 
fractions with different periods of incubation. 
Incubation period: a) 10 minutes b) 45 minutes 
e) 3 hours .The numbers on the figure denote the 
number of the fraction; b) fraction corresponding 
to hypoxanthine, 


Accumulation of radioactive fractions in tests with glycine-1-c™, 


Four special tests were set up for fraction accumulation, In each test the livers of several pigeons were 
taken (in all,19 pigeons were used), The total quantity of glycine-1-c™ was 47,2 mg with a total activity of 
3.135 mC, 
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Fig. 3. Identification of fractions 7 (1), 10 (II), 12 (III), 8 (IV): 


a) photograph of chromatogram processed with bromphenol blue; b) drawing of radioautograms ; 


I: 1) known~malic acid; 2) fraction 7; 3) spot, corresponding to position 7 on the chromatogram ; 
II: 1) known~succinic acid; 2) fraction 10; 3) spot corresponding to position 10 on the chroma- 
togram; II: 1) known~fumaric acid; 2) fraction 12; 3) spot corresponding to position 12 on the 


chromatogram; IV: 1) known~glycolic acid; 2) fraction 8; 3) spot corresponding to position 8 on 
the chromatogram 
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Fig.4. Identification of fraction 5: 
a) Photograph of chromatogram treated 
with minhydrine the known~ glutamic 
acid; b) radioautogram; 1) known 
glutamic acid; 2) fraction 5; 3) dark 
spot corresponds to fraction 5 (spot above 
and below~ impurities), 


Fig. & Acid-alkaline hydrolysis of 
filtrate from the protein precipitate 
in tests with glycine-1-c"*; 
Numbers to the left designate the 
fraction; I) Sample with standard ; 
II) Sample from acid hydrolysis ; 
IIl) Sample from alkaline ammon- 
iacal hydrolysis, 


In tests on the accumulation of radioactive fractions 
we incubated samples 45 minutes, since an increase in 
the period of incubation produces a lessening of radio- 
activity in the lower fractions and a lower period of 
incubation leads to a lowering of hypoxanthine radio- 


Fig, 5. Investigation of composition of fraction 
3: 
a) chromatogram with knowns, treated with 


activity. 
ninhydrine: 1) histidine, 2) arginine, 3) aspara- 
gine, 4) glutamine, 5):setine, 6) glycine; So as to obtain pure fractions we carried out another 
b) radioautographed fraction 3: 4) glutamine, chromatographic purification. Concentration of the 
5) serine, 6) glycine. extracts of the radioactive fractions was carried out in a 


water bath. 
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Identification of radioactive fractions in tests with glycine-1-c, 


As stated above, 12 radioactive fractions developed on the chromatogram in experiments with glycine-1-c"*: 
fraction |corresponded to adenylic and inosinic acids, fraction 4 toinosine and 6 tohypoxanthine [17]. The 
nature of the other fractions remained unelucidated. The general principle of identification of the different 
fractions consisted in preliminary study of the general chemical character of different fractions. This was 
achieved on the one hand by treating the chromatogram with various developers (characteristic for one or 
another substance, bromphenol blue, ninhydrine, etc.),and on the other hand by subjecting the individual fractions 
to hydrolyses in alkaline or acid media. After elucidating the general chemical character of the individual 
fractions they were chromatographed side by side with one or another of the known substances (markers), 


In those cases where a series of chromatographic tests on the tested fractions did not differ from the known, 


that is,where they were identical to them in R¢ and underwent the same specific reactions, this fraction was 
considered identical with the known. 


In treating the chromatogram with bromphenol blue»which is a specific reagent for acids, yellow spots de- 
veloped on a blue background, These spots were distributed on the lower half of the chromatogram, These 
spots corresponded to dark spots on the radioautogram. It appeared probable that the lower fractions were organic 
acids, participating in the oxidative Krebs cycle. For proof of this hypothesis we were able to establish, with 
the use of various knowns, that fraction 7 was malic acid, 10 was succinic, and 12 was fumaric (Fig. 3, I, II, I). 
As indicated earlier [17] fraction 12 was evident in the ultrachemiscope, Since fumaric acid is even evident 
in the ultrachemiscope, this was additional confirmation that fraction 12 was fumaric acid. 


For identification of fractions 8 and 11, which also were indicated to be acids by treatment with bromphenol 
blue, other knowns were used. In this way it was established that fraction 8 was glycolic acid (Fig. 3, IV). 
Fraction 11was not identified, Investigation of fraction 9 showed that it did not become colored with bromphenol 
blue, ninhydrine or the Kensaand Isherwood reagent (which reacts with phosphate ethers), nor with the Wood reagent 
(which reacts with purine and pyrimidine compounds [20]). Fraction 9 is not seen in the ultrachemiscope. In 
interpreting the nature of fraction 5 the data already obtained were taken into account [17],to the effect that 
this fraction is a mixture of a series of substances of which carboxamide taken as a known is distributed on the 
chromatogram in the position of fraction 5, After multiple chromatographic purification of fraction 5, it was 
found that the basic mass of its radioactivity does not match the spot visible in the ultrachemiscope and con- 
sequently, it is not carboxamide, Fraction 5 stains like amino acids withninhydrine, Upon boiling with 1 N 


HCl it does not change. In parallel separations fraction 5 developed with glutamic acid, which indicates that 
it corresponds to glutamic acid (Fig. 4). 


Fraction 3 was the most difficult to interpret, since it consisted of a series of substances, The basic means of 
investigating its composition was prolonged drop chromatography with the use of known amino acids, The results 
of the investigation are shown in Figure 5, From this figure it can be seen that the known glutamine corresponds 
to the ninhydrine band on the chromatogram and the dark band on the radioautogram, Further more, the lower 
portion of fraction 3 represents serine, and somewhat lower, glycine* (see 5 and 6, Fig. 5). In the chromatogram 
(Fig. 5, a) serine developed weakly, as a result of which it appeared to be unnoticed on the photograph. 


In studying fraction 2 it was noted that it consists of two radioactive bands, These bands were designated : 
upper~2a and lower—2 b (Fig. 6, sample I). In studying the nature of these two subfractions it appeared that 
thse substances are neither amino acids nor organic acids; they are not visible in the ultrachemiscope, In- 
vestigation of the stability of these subfractions during acid and alkaline hydrolysis showed that subfraction 2 a 
was stable in both cases, but subfraction 2 b disintegrated during hydrolysis with 1 N HCl for 30 minutesin a 
boiling water bath (Fig, 6, samples II and II). 


One experiment was carried out on incorporation of c'-formic acid in different fractions of pigeon liver 
homogenate. From this it appeared that in the middle of a series of other fractions, a radioactive fraction, 
occupying position 26 is formed. This fact makes likely the proposition that fraction 26 incorporates radio- 
active glycine, as well as c' from radioactive formic acid. 


* In previous work [16] with respect to serine and glycine the Rr was mistakenly indicated as 0.5 and 0.7 instead 
of 0,05 and 0,07 (for fine filter paper). 
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Studies on incorporation of radioactive fractions in purine bases, 


In order to study the incorporation of secondary radioactive substances in purine bases we in the main 
used radioactive products obtained in tests with glycine-1-c™. Fraction 5 was used in only 1 test, obtained 
during the experiment with c-formate, The greatest interest was in studying the possibility of incorporation 
of C™ in purine bases from those fractions the formation of which depends on addition of substances significantly 
influenced also in purine biosynthesis, Among such fractions are: fractions 2 and 9 obtained in experiments 
with glycine-1-c" and fraction 5 obtained in tests with C'-formate [16,17]. 


Incorporation of c'-formate in fraction 26 is markedly increased by the addition of nonradioactive 
glycine to the homogenate [16]. 


With respect to fraction 5, from experiments with cformic acid, it was known [16] that it formed a 
blue fluorescence in the ultraviolet and that the inclusion in it of C from Cformic acid markedly increased 
with the addition of folic acid activated in purine synthesis, In experiments with glycine-1-c™, fraction 9 
strongly forms pon addition of ribose-5-phosphate [17] which, according to a series df authors, participates in 
the purine biosynthesis and stimulates their formation, In experiments without addition of ribose-5-phosphate, 
fraction 9 usually does not appear, or appears very weakly, 


The incorporation of fractions 7,8,10 and 12 in purine bases was not studied, since they are organic acids 
not containing nitrogen, and glycine is incorporated in purine bases without deamination [21]. Tests were 


carried out with the usual experimental medium (Table 1). In place of radioactive glycine or formic acid: 
the radioactive fractions were added, 


The experiments on incorporation of radioactive fractions in purine bases were made very difficult by a 
lack of material, Fractions of the greatest interest for these studies (2 a, 2 b,and % in tests with glycine-1-c! 
and 5 in tests with C’-formic acid) formed, as seen from the radioautograms,only in much greater quantity by 
comparison with other fractions, In addition,some material was lost in repeated chromatographic purification 
of these fractions. In view of the great difficulty of the work, in the accumulation and purification of the 
fractions in question,only one test with each was carried out as to incorporation in purines, So as to heighten the 
reliability of the obtained data, the filtrate in each test was first analyzed by a series of chromatograms, for 
each of which a radioautogram was taken, Then before determining the specific radioactivity the purine fraction 
was eluted and subjected to a second chromatographing under different conditions. Since most of the indicated: 


fractions were unstable, they were added to the samples in the form of pieces of paper cut from the chromatogram 
and corresponding to the radioautogram. 


In adding fraction 2 to the pigeon liver homogenate, we noted that the main portion of radioactivity of 
this fraction is incorporated in fraction 1, where, it is known, adenylic and inosinic acids concentrate, Judging 
from the radioautogram, there was no incorporation of radioactivity inhypoxanthine. The eluate of the nucleo- 
tide fraction was hydrolyzed with HCl, the hydrolysate concentrated and rechromatographed, The purine bases 
then eluted, evidenced radioactivity as in the experiments with subfraction 2 a,and as,to a somewhat lesser extent, 
in the experiment with subfraction 2 b, The greatest care was taken in purification and identification by the 
ultraviolet absorption spectrum of adenine obtained in the experiments with subfraction 2 a, Its specific radio- 
activity was shown to be 2100 pulse/min./mg. It was also shown that c™ from subfraction 2 b is incorporated 
in the protein of pigeon homogenate, while c™ from subfraction 2 a is not incorporated into protein. 


Studies on the incorporation of purine bases from fraction 5 tested with C-formic acid and from fraction 
9 tested with glycine-1-c were carried out by a similar method and are shown in Table 2. In parallel tests 
with homogenate, radioactive hypoxanthine, obtained in tests with glycine-1-c™, was added, 


The very fact that radioactive purine bases are obtained from the two radioactive fractions indicated in 
Table 2 reveals the participation of these fractions in purine biosynthesis, As the radioactivity of fraction 5 
was dependent upon C’*-formate, this fraction is the donor of *formate" for purine bases, and fraction 9 the 
donor of the glycine grouping, inasmuch as the radioactivity is dependent on glycine-1-c™, 


Comparison of the magnitude of the specific radioactivity shown in Table 2 makes possible several other 
conclusions as well, From these data it is evident that C’ from fractions 5 and 9 participates chiefly in the 
nucleotide fraction, From Table 2 it is also evident that incorporation of free hypoxanthine in the nucleotide 
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TABLE 2 
Specific Purine Radioactivity in Vatious Experiments on Incorporation of 
Radioactivity in pulses/min, per mg, not corrected for counting efficlency which equals 20%; : 

incubation 2 hours 4: 

Substances added to Incorporation of in purine compounds 
Free hypoxanthine | Adenin-adenylic Hypoxanthin- a 
q acid inosinic acid 
= 
a hypoxanthine Traces Traces = 


Fraction 9 conducted with 
glycine-1 

Fraction 5 conducted 
with C formate 


121 347 


398 613 


fraction is very low (Table 2, upper row of figures). Therefore, hypoxanthine cannot be a nucleotide precursor 
during its new formation from the above indicated two radioactive fractions (5 and 9), On the other hand, 
the purine ring is primarily synthesized in nucleotide composition by means of splitting, which forms free purine 
bases, Therefore, during purine biosynthesis there are intermediate stages— combinations of purine precursors 

and ribose (or ribosephosphate) groups, which in general are in confirmation of the Greenberg scheme [12] acc- 
ording to which the new formation of purine groups in the nucleotide composition is also assumed, At the same 
time, it still does not seem possible to decide whether the radioactive fractions 2 a, 2b, 5,and 9 correspond 

to one or another of the intermediate products according to the Greenberg scheme. Jt is possible that there are still 
unknown intermediate products, 


The data obtained as to the identification of several fractions have a well-known significance from the 
point of view of the more general problems of glycine metabolism. In the available literature there is no 
indication of the formation of malic, fumaric and succinic acids from glycine under the given conditions (22,23, 
3, 4, etc.},although theoretically this is entirely possible. Incorporation of C™ from glycine into four carbon 
dicarboxylic acids proceeds evidently by two paths: 1) through intermediate formation of serine and then py- 
ruvic acid and subsequent carboxylation by the Wood-Werkman reaction; 2) glycine oxidation with formation 
of Co, which combines with pyruvic acid according to the Wood-Werkman reaction, 


SUMMARY 


Radioactive products formed from glycine-1-c!* in pigeon liver homogenate were isolated and studied by 
use of paper chromatography, A considerable portion of the c' is incorporated into organic acids— malic, 


succinic, fumaric and glycolic. These facts show that glycine metabolism in pigeon liver is closely related to 
the Krebs oxidation cycle. 


The incorporation of C’ from glycine-1-c in glutamic acid, glutamine, serine, alanine and some un- 
identified substances (fractions) were also shown, It was shown that in pigeon liver homogenates incorporation 
of C from the purines of fraction 5 obtained in tests with C!-formic acid, takes place, and also from fractions 
2a, 2b and 9, obtained in tests with gly cine-1-c"*, 


Comparison of biochemical transformation of hypoxanthine and radioactive fractions (9, obtained in tests 


with glycine-1-c and 5, obtained in tests with Cformic acid) indicate the indispensability of ribosidization 
reactions of purine precursors in purine biosynthesis, 


Received June 29, 1956. 
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SUBSTRATE CHANGES IN LIPID METABOLISM AND 


LIPOXIDASE ACTIVITY UNDER THE INFLUENCE 


OF IONIZING IRRADIATION 


E. V. Budnitskaya, I.G. Borisova and A.G. Pasinsky 


A. N, Bakh Biochemical Institute, Academy of Sciences USSR, Moscow 


Until now very little study has been given to biochemical reactions which occur in plants under the 


influence of ionizing reactions, especially processes of disruption of their fat metabolism during exposure to 
light. 


In irradiation of animals it was learned that lipids and the lipoxidase enzyme system, which oxidizes 
unsaturated fatty acids, in all likelihood are of greater significance in formation of toxic diffused substances 
which appear during irradiation [1-5] and manifested, according to several authors, by peroxides of 
unsaturated acids [6; 7]. However, in plant organisms the possibility of formation of diffused toxic substances 
during irradiation has scarcely been studied [8]. 


In relation to the problem of light action, Kretovich and Bundel [9] and also Kaneda and Sakai [10] 
studied the toxicity of several products of the oxidation of unsaturated fatty acids, Thus, Kretovich and 
Bundel, in studying the oil from toxic millet which remained in the field over the winter, whose use in food 
causes the advent of septic angina, showed that the fat contained in the millet undergoes an extensive 
oxidative disintegration and that the toxic substance represents a product of unsaturated fatty acid oxidation 
capable of showing strong physiological action, for example on rabbit skin, The authors showed that the free 
fatty acids of high quality oil oxidized synthetically in a weak sodium carbonate solution also acquire toxic pro- 
perties, Kaneda and Sakai, studying individual unsaturated fatty acids, established that their nutritive 
properties and toxicity depended on the degree of their oxidation, Introduction of oxidation products of un- 
saturated fatty acids into mice resulted in death on the fifth day. Earlier [11] it was also shown that the 
presence in the diet of mice of oxidation products of linoleic acid produced a loss of weight, anemia, and 
marked leukopenia in the animals, 


Taking into account the adduced data, it appeared expedient to study the changes occurring as a result 
of the effect of ionizing illumination on substrates and enzymes of plant lipid metabolism. In particular, in 
the present work, our purpose was to study the effect of illumination on the unsaturated fatty acids, 
carotenoids, and the oxidase of unsaturated fatty acids of plants — lipoxidase — on the organism, 


EXPERIMENTAL SECTION 
The Effect of Irradiation on Linoleic Acid 


Purified linoleic acid was obtained from fresh linseed oil by saponification in the cold with 10 % KOH, 
and further distillation of the unsaturated fatty acid at 160° and 4 mm Hg and freezing at — 20; the acid 
was stored in ampules under vacuum at 5°, The refractive index of the preparation of linoleic acid 
™ = 1,4698 corresponded with the data given in the literature [12], 
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A 20 mg sample of linoleic acid was irradiated in a glass weighing bottle (with diameter 10-5 mm). 
The source of x-irradiation was a close focusing tube BF (90 kw, 5 ma, \ = 0.6 m y) with an irradiation in- 
tensity of about 8,000-10,000 r/min, After irradiation of chemically pure linoleic acid for 24 or 48 hours, 
a solution of its sodium salt was prepared or the irradiation was exerted directly on the sodium salt of linoleic 
acid, which was examined 2 hours after exposure, 


The effect of irradiation on linoleic acid was regulated by changing the degree of its oxidation by 
lipoxidase. A preparation of lipoxidase was obtained as follows [13]. 10 grams of soy flour (from soy beans 
of the 1955 crop) was first de-fatted with petroleum ether and then extracted with 50 ml of distilled water 
for an hour with stirring, After centrifugation, there was obtained a transparent, slightly opalescent solution, 
which was used for the tests, For measurement of the degree of oxidation of linoleic acid, 0,3 ml of a water 
extract of the enzyme was taken and 1 ml of the sodium salt of linoleic acid; the latter was prepared 
immediately before the tests by preparing a solution of the needed quantity of irradiated, or, correspondingly, 
nonirradiated linoleic acid in 0.1 N NaOH, with a concentration of 1 mg of linoleic acid per ml. The degree 
of oxidation of linoleic acid was determined by its degree of decoloration, which was measured with a 
photocolorimeter [14]. 


The quantity of caroteng oxidized in the presence of nonirradiated linoleic acid was taken as 100%, 


Under the influence of irradiation a part of the linoleic acid becomes destroyed, as a result of which, in 
the presence of irradiated linoleic acid, the quantity of oxidized carotene was less, Thus, in the presence of 
linoleic acid (chemically pure) irradiated with a dosage of 100 thousand r (temperature of the test 24-25"; 
pH 1.6), the quantity of oxidized carotene 24 and 48 hours after irradiation constituted 97,2+0.1 % (an 
average of the data of two series of tests with 2 parallel determinations), that is, a relative decrease of 2.8%, 
During irradiation of an 0.1% water extract of the sodium salt of linoleic acid with a dosage of 100-180 
thousand r, two hours after irradiation the comparative decrease in quantity of oxidized carotene was noted as 
being 16-19% In the corresponding change of the molecule of linoleic acid in water solution (mol. wt. of 
280.8) with a dose of 1.8 x 10° r(3 x 10*” jonizations per ml), one ionization is exerted on 7 molecules of 
linoleic acid, that is, the relative change in ionic output should amount to about 14-15% which is in close 
accordance with the results obtained. In a pure preparation of linoleic acid, the quantity of radicals formed 
is less and, correspondingly, the relative change in the molecule of linoleic acid was about 6-7 times less 
than in a water extract, 


2. Effect of Irradiation on Carotene 


The influence of irradiation on carotene was studied on solutions containing 1.5 mg of crystalline beta- 
carotene per 100 ml of solvent, consisting of a mixture of 75 ml double-distilled acetone and 25 ml alcohol. 
The irradiation was conducted in covered plexiglass containers, The intensity of irradiation was the same as 
that in previous experiments, After irradiation the carotene solution was transferred to a container with a 
ground glass stopper and stored in a refrigerator. The extent of oxidation of the carotene under the influence 
of x-irradiation was determined colorimetrically (in cuvettes of 3,055 mm) on the electrophotocolorimeter 
FEK-M-1. 


As can be seen from the results of the determination, shown in Table 1, irradiation of a pure acetone- 
alcohol solution of carotene led to a decrease in carotene content of 16%, and there was very little further 
effect of continued irradiation in the given solution. 


We also studied the effect of irradiation on a mixed solution of carotene and sodium linolate or buffer; 
colorimetric measurement was made one hour after irradiation, The results of the measurements are shown 
in Table 2, from which it can be seen that the oxidation of the irradiated carotene proceeded more quickly 
in the presence of a solution of sodium linolate than in the presence of the buffer solution, so that the linoleic 
acid acts as a catalyst in the carotene oxidation, Differences in the degree of carotene oxidation in Tables 1 
and 2 are explained by differences in the composition of the solvent and concentration of the solution, 
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TABLE 1 TABLE 2 


Effect of Irradiation on Carotene Effect of Irradiation on a Mixed Solution 
Solutions, of Carotene and Sodium Linolate. 
Quantity of Carotene Remaining Control; 2 ml Carotene Solution + 1 
After Irradiation, in % of Control ml Buffer (pH 7.5); Test Solution 2 ml 
(100 %) Carotene Solution + 1 ml Sodium 


Linolate Solution 


Time after irradiation Quantity of oxidized 
Dosage in in hours Dosage in carotene, % 
irradiation 

thousand r | 9.25 | in thousand 4 Control | Test 
100 | 84.0 | 84.0 | 34.0 | ot. 40 13.943.7 | 20.9+40.8 
80 23.345.6 | 31.8408 
120 34.244.6 | 38.441.8 
200 47.040.9 | 5.41.5 


In the presence of lipoxidase, the degree of carotene oxidation in the irradiated mixed solution of 
carotene and sodium linolate increases even more, A mixture of 1 ml of sodium linolate solution (1 mg /ml) 
and 0,2 ml alcohol-acetone solution of carotene (0,12 mg / ml) were irradiated in these tests; to the 
irradiated mixture was added 0.3 ml of enzyme ( at 25°, pH 7.5). 


The results ( 2 hours after irradiation, an average of 2 series of tests with 2-3 check determinations) 
showed that the degree of oxidation of carotene in this case was 98,2 + 0.1 %in the case of 40,000 r and 
180,000 r, 


to irradiation. 2 ml of solution were transferred to a plexiglass vessel and irradiated with roentgen rays at 
different dosages. During irradiation, the solution was cooled with running water. The activity of the 
irradiated lipoxidase was determined 1,6,24, and 48 hours after irradiation by the following two methods, 


3. Effect of Irradiation on Lipoxidase : 
The effect of irradiation on lipoxidase has until now not been studied, In our investigations, the g 
original water extract of lipoxidase, the same solution diluted 5-7 times, and finally the dry lipoxidase 3 

preparation obtained from concentrating the extract from soy flour by vacuum drying at 3°, were all exposed Ae 


A manometric method for determination of lipoxidase activity in the Warburg apparatus was based on 
measurement of the quantity of oxygen absorbed in the lipoxidase oxidation of sodium linolate, used as the 
substrate, For this purpose 0,3 ml of a water extract of the enxyme was mixed in the manometer vessel with 
1 ml sodium linolate, which was prepared immediately before the test by making a solution of the calculated 
quantity of linoleic acid (1 mg/ml) in 0,1 N NaOH, The duration of the test, as previously, was 60 minutes 
at 26.6°, 


The second method for determination of lipoxidase activity was based on the above-described 
enzymatic oxidation of carotene in the presence of linoleic acid, in which the quantity of carotene 
oxidized under standard conditions with the nonirradiated enzyme was taken as 100% 


The results of tests conducted with concentrated extracts of lipoxidase from soy bean are shown in 
Table 3. As can be seen from the data, irradiation of the concentrated enzyme extract with dosages up to 
100,000 r did not substantially change the lipoxidase activity. A small inactivation was noted only after 48 
hours, evidently as a result of secondary changes taking place in the irradiated enzyme solution. Table 4 
indicates results obtained with 5-7 fold diluted lipoxidase solution, 
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TABLE 3 TABLE 4 
Effect of Irradiation on Activity of a Effect of Irradiation on Activity of q 
Concentrated Lipoxidase Extract From Soy Dilute Lipoxidase Solution, a 
Bean, Test Conditions the Same as in Table 7 
Lipoxidase Activity Determined by the 3 (0.5 ml Enzyme Used). Lipoxidase N 
Method of Carotene Oxidation (Expressed Activity Expressed as % of Oxidized g 
in % Oxidized Carotene); Test Conducted Carotene; Average Data of 3 Test al 
at 24-25°; pH 7.6; 0.1 ml Enzyme Used, Series, With 3-4 Check Determinations, 4a 
Average Results of 2 Test Series, With 3-4 Eh 
Check Determinations, i 
Irradiation |Time after irradiation in hrs, at 
Irradia- [Time after irradiation in hours 
tion dosage age ' | 6 | oh | 
in 1,000 r it 
93.6413| 93.34.13 |70.5-42.5 a 
99, 4.4) 96. 89.4 92.4412 83/3410 68,.23.5 
99.0 87.0413 76.3413 |68.8+-4.6 
86 .0+-1 0+ 9/63. a 
97.9 | 95. ‘0 86.0 
In comparing Tables 3 and 4 it follows that lipoxidase in dilute solution is much more strongly in- | 
activated by irradiation, We obtained similar results in determination of lipoxidase activity in dilute aI 
solutions by the manometric method (Table 5), It should be noted that check determinations of each series a 
of tests, conducted by both methods, were in good agreement, within the range of 10% therefore ’ 
fluctuations in results in different test series shown in Tables 4 and 5 can explained only by differences in the a 
lipoxidase preparation and irradiation dosage. q 
TABLE 5 The data in Tables 4 and 5 can be expressed in be 


the form of a logarithmic relationship between 
lipoxidase activity and irradiation dosage, shown ; 
graphically in Figure 1, where the abscissa is the q 
dosage (000 r) and the ordinate the natural 
logarithm of lipoxidase activity (1 hour after 
irradiation); the curve was drawn through those 
points which agree, insofar as possible, with both 
methods of measurement, The linear character of 
the logarithmic curve obtained (by statistical ‘ 
treatment of the data) indicates the single-acting : 
mechanism in lipoxidase inactivation by roentgen 
irradiation, 


Effect of Irradiation on Activity of 
Dilute Lipoxidase Solution, 
Manometric Determination, 26.6, pH 
6.5, 0,3 ml Enzyme Used, 


Irradiation 
dosage in 


Time after irradiation in hrs, 


1 | 6 | 24 


84.04 
| 77.0-8 
86.73.4] 90.648 | 74.047 
80.6-+0.3} 88.48 73.0468 
76.64-5.6| 76.045 | 69.019 


Irradiation of a dry lipoxidase preparation, obtained by vacuum drying of a soy bean extract, was then 4 
conducted, Ten to twenty mg of dry preparation after irradiation was dissolved in 2 ml of distilled water, and j 
the change in activity was then determined by the manometric method, 


Results of these tests are shown in Table 6. 


The logarithmic relationship between the activity of a dry lipoxidase preparation and the irradiation 
dosage are shown in Table 6 and Figure 2, from which it can be seen that the inactivation of a dry « 
lipoxidase preparation under the influence of irradiation on a logarithmic scale also has a linear character, 
that is, conforming to a single-acting mechanism. 
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Figure 1. Logarithmic relationship between Figure 2, Logarithmic relationship between dry 


lipoxidase activity and irradiation dosage. lipoxidase preparation and irradiation dosage, 


TABLE 6 DISCUSSION OF RESULTS 


Effect of Irradiation on Activity of Dry Lipoxidase and its substrates change in different 
Lipoxidase Preparation ways under the influence of ionizing irradiation. In 
Test Conditions the Same as in Table 5, the form of a dry preparation and concentrated extract 
(Tables 3 and 5), the lipoxidase activity remains almost 
unchanged under roentgen irradiation dosages of about 


Irradiation act- 


dosage in jyity in %oxygen N 
1,000 34 100,000 r. Over a broader dosage interval the linear 
fter irradiation character of the logarithmic curve of the residual 
Non-irradi- 100 0 lipoxidase activity (Figures 1 and 2) indicates the 
ated enzym single-acting mechanism of inactivation of the enzyme 
200 90.84+3.0 | —0,06647 
—0. 12696 molecule, 
4 8.342.4 | —0.09821 
ste a 1518 Inactivation under influence of irradiation made 
800 83.24+2.6 ere possible the calculation of the size of the lipoxidase 
1600 65.8+-4.1 0 35008 molecule, as a result of work with the dry preparation. 
| —-0,46644 The magnitude of the inactivation dosage under which 


37 % of the original enzyme activity remains, determined by extrapolation of the curve in Figure 2, amounts to 
3.5- 4 x 10°r, which corresponds to 4 x 10° x 1.6 x 10” = 6,4 x 10" ionizations per ml or 1 ionization per 
ere = 1,56 x 10° mi, _ In the presence of a single-acting inactivation mechanism, one ionization 
during inactivation dosage can be referred to one enzyme molecule, Consequently adjusting the volume of 

one enzyme molecule to 1.56 x 107” ml there is obtained for its mass (at the usual density of 1.3) 

1.56 x 10°” y 1.3 = 2,02 x 10°" g, from which the molecular weight of the enzyme must amount to 

2.02 x 1078 y 6 x 10° = 120,000. The only determination thus far of the molecular weight of lipoxidase by 
the ultracentrifugal method gave a value of 102,000 [15]. Taking into account errors in the irradiation 

dosage and determination of enzyme activity, the two values for molecular weight (102,000-120,000) can be 
considered sufficiently close to confirm the hypothesis of a single-acting mechanism of enzyme inactivation, 

It should be noted that in the similar radiation method for determination of molecular weight (see also [16)), 
not as high a degree of purity is required in the preparation under study as in the other methods, which for a 
series of investigations with biologically active substances, is of considerable importance. In comparing 
Figures 1 and 2 it can be seen that the magnitude of the irradiation dosage (37 %) for dry lipoxidase 
preparations is approximately 5 times higher than for dilute solutions (about 3.5-4 million instead of 

500,000 r), However, in dilute lipoxidase solutions, for example, about 10% for enzyme inactivation, a 

dosage of about 50,000 r is necessary (Tables 4 and 5), which gives a quantitative description of the fairly 

high stability of this enzyme to radiation effects. 
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Changes in the substrate as affected by lipoxidase both directly under the influence of irradiation as .. 
well as under the influence of the enzyme after irradiation of the substrate were studied by us as an example 
of the combined oxidation of linoleic acid and carotene. Pure carotene is oxidized in hexane to the extent 
of 45% under a dosage of one million r [17], and in acetone solution according to our findings (Table 1) to 
the extent of 16% under a dosage of 100,000 r ; however, in the presence of water in the solution (see Table 
2, control) the degree of oxidation under the same dosage of 100,000 r increases to 28% which, undoubtedly, 
is explained by the higher content of radicals in the water extract, 


With the presence of linoleic acid in the same solution, the degree of oxidation of carotene increases 
to about 35% (Table 2), but the true role of linoleic acid as a mediator of carotene oxidation under the 
influence of irradiation is insufficiently apparent by a simple comparison of these magnitudes, 


It must be taken into account that in a combined solution of carotene and linoleic acid there occurs a 
statistical redistribution of radicals — products of water radiolysis —- between both substances in solution, 
as a result of which the portion of carotene molecules undergoes a lesser number of collisions with free 
radicals and the degree of oxidation of carotene must decrease. The magnitude of this effect can be cal- 
culated by the formula [18): 


S; 


where subscript 1 refers in our experiments to carotene and subscript 2 to linoleic acid; the relationship 
S,/S, is characterized by a decrease in the change of soluble substance 1 under the influence of irradiation 
as a result of the presence of soluble substance 2; c is the molar concentration of both substances in solution; 
and z is the number molecular collisions of the solutes with free radicals, For the system we studied, 


C,=2.4x 1074(molecular weight of carotene is 536), Z,=6 x 10%, = 1.1x 10°*(molecular weight of linoeic acid 


is 280) and Z,= 4.5 x 10", from which S,/S, = 4 (assuming, according to chemical considerations, that the 
specific coefficients of interaction of both solutes with the radicals are similar). 


Thus, although the statistical effect of additional linoleic acid must have reduced the degree of 
oxidation of carotene by irradiation (under a dosage of 100,000 r in our experimental conditions) from 28 to 
7 %oas a result of the mediating action of the oxidized linoleic acid, the degree of oxidation of the carotene, 
in fact, increased from 7 to 35 %, that is, the induced oxidation of carotene under irradiation in the presence 
of linoleic acid consitutes a significant part of the effect. Similar results follow as well from other data in 
Table 2, However, as indicated above, addition of lipoxidase to the irradiated system of carotene plus 
linoleic acid quickly leads to the complete oxidation of carotene (98% under high dosages of irradiation 
(180- 200,000 r), The direct effect of products of irradiation on the substrate almost equals the additional 
effect of the enzyme (51% and 98 — 51 = 47%, but already under 40,000 r the direct change of the substrate 
under the influence of the irradiation products comprises only 20 %(Table 2) and the additional oxidation of 
lipoxidase 100 - 20=80% from which the inactivation of lipoxidase alone by this dosage, as already men- 
tioned, does not exceed 10%, Evidently, at low irradiation dosages (for example, less than 5,000 r) the 
enzyme inactivation and nonenzyme oxidation of the lipoxidase substrate under irradiation can have only 
a subordinate significance in the observed changes of plant metabolism, 


SUMMARY 


The effect of roentgen rays was studied on the lipoxidase of soy flour as well as on linoleic acid and 
carotene in pure form, and in conjunction with the oxidation of a mixture of both substances. There was 
determined inactivation (37% dose for lipoxidase during its irradiation in dry form (3,5 - 4 million r) and in 
solution (500,000 r). In water solution a 10% inactivation of lipoxidase accurred at 40 - 50,000 r, which 


indicates the fairly high stability of the enzyme to the effects of irradiation, Lipoxidase inactivation proceeds 


according to a single-acting reaction mechanism, On the basis of the irradiation inactivation the molecular 
weight of lipoxidase was calculated as 120,000, 


The oxidative destruction of carotene and linoleic acid under different irradiation dosages was 
determined; it was shown that during irradiation of solutions of mixtures of both substances the oxidation of 
linoleic acid increased carotene oxidation. The inactivation of the enzyme and the nonenzymatic 
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oxidation of the substrates of lipoxidase under low-dose x-ray irradiation were of secondary significance in 
lipide metabolism changes. 
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THE RATE OF PHOSPHORUS INCLUSION INTO 
THE NUCLEIC ACIDS OF DIFFERENT PROTEIN 
FRACTIONS IN BRAIN TISSUE 


N. N. Khorkova 
Chair of Biochemistry of the Leningrad A. A. Zhdanov State Univ. 


There has recently been great interest in the study of the most complex brain proteins, the 
nucleoproteins, 


Thus, in particular, it was shown that nucleic acids are contained in various protein fractions of 
brain tissue [1,2]. In this connection the question arose as to whether the brain cells contained different 
types of nucleoproteins, the more so since the existence of various types of nucleoproteins had already been 
shown by the work of Belozersky [3], Manoilov [4], Orlov [5], Chargaff [6], and other investigators, 
Evidently, the nucleoproteins, having different structures and properties, must play different biological roles 
in the cells and consequently their degree of participation in metabolic processes will also be different. 


Actually, in studying the renewal of nucleic acids of different cell parts — the nucleus, mitochondria, 
microsome — their different degrees of interchangeability in relationship to origin were shown [7-10]. If in 
tissues such as the liver, pancreas and spleen, the nucleoproteins formed have different rates of renewability, 
then it is entirely natural to assume that various nucleoproteins can occur in brain cells. 


The purpose of the present study was to investigate the renewal of nucleoproteins entering into 
different protein fractions of brain tissue. 


EXPERIMENTAL CONDITIONS AND METHOD 


Rabbits weighing 2 to 3.5 kg served as the experimental animals, The brain was taken for study with- 
out the cerebellum. Before extraction the brain protein was subjected to preliminary treatment with acetone. 
The protein was then extracted successively by: 1— distilled water, 2~ 1 M NaC1 in a bicarbonate buffer 

at pH 9.1, 3—0.1 N NaOH. The last fraction corresponds to the insoluble fraction of Danilevsky [11]. The 
fourth fraction represents the residue. The extraction with each solvent was conducted until a negative test 
was obtained for protein in changing a portion of the solvent every 2-3 hours, The protein was precipitated 
from each fraction which was then purified from admixtures by the method of Schmidt and Thannhauser [12], 
The content of nitrogen and phosphorus were determined in the fractions. 


From the protein preparations obtained, an extraction of nucleic acid was carried out by boiling for an 
hour in 10% NaC1, in which the extraction was carried out twice, The nucleic acid was precipitated with 
two volumes of alcohol, Separation of ribonucleic (RNAJ and deoxyribonucleic (DNA) acids was made after 
hydrolysis in 0.3 N KOH with the use of hypochlorous acid [13], The nucleic acid phosphorus was determined 
immediately after ashing by the Fiske-Subbarow method, The nucleic acid was determined spectrophoto- 
metrically before ashing and the RNA was determined according to Meibaum [14]. In both cases the 
phosphorus was calculated, All three methods gave concordant results, 


In addition an attempt was made to determine the content and renewal of nucleic acids entering into 


the composition of the nucleus and the cytoplasm of brain tissue. Separation of the nucleus was carried out 
by the method of Palladin [15]. 
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In studying the rate of phosphorus renewal in nucleic acids a water solution of the phosphorus isotope * 7 
in the form of NasHP*}, with a total activity of 2 to 3 mC per kg body weight was introduced subcutaneously, t 
The isotope dosage necessary for solution of a given problem was established in preliminary tests. The fe : 
preparation was introduced in two doses, of which the second was introduced 10 hours after the first. The a 
animals were killed after 24 hours from the time of introduction of the first preparation, a 
Determination of the activity of the substances under study and the compounds introduced was carried = 


out through the use of a dial counter of the type B-2. 


The rate of inclusion of radioactive phosphorus in the nucleic acids was judged on the basis of the 
comparative specific activity which is represented in relation to the specific activity of the substances under 
study to the specific activity of inorganic phosphorus, 


Distribution of Nucleic Acids in Brain Protein Fractions 


Of a total content in the rabbit brain of 1.68 % nitrogen calculated on the as-is basis, 87.1% comprises 
protein nitrogen. The rabbit brain phosphorus was determined as 0,37% on as-is basis, of which only 42% is 
in the protein. The distribution of nitrogen in the fractions is shown in Table 1, from which it can be seen 
that, despite the lengthy extraction of the protein with different solvents, a significant portion of the protein 
(about 40%) remains unextracted, 


TABLE 1 TABLE 2 


Distribution of Brain Protein Nitrogen Nucleic Acid Phosphorus of Different 


Fractions in Different Tests, Protein Fractions, 
% of Total Nitrogen. % of Air-dry Weight of Protein, 
Water Salt % %o 
foluble Residue Protein fraction RNA |DNA 
26.2 7.5 43.0 23.0 NaCl | 0.18 0.08 
31.3 10.3 | 31.6 | 26.9 Salt-soluble (1M 
28:5 9.9 | 22:6 | 39.0 
27.3 4.8 12.6 55.3 Alkali-soluble (0.1 N NaOH) 0.03 | 0.01 
31.6 5.6 | 21.8 | 41.1 Residue 0.03 | 0.02 
25.9 5,2 25.0 43.9 
14.9 8.6 | 39.4 | 37.4 i wa 
200 85 39.2 49°3 differences in data as to nitrogen dis 
18.8 5.6 29.8 45.8 tribution in different fractions from the results of other 
25.1 6.5 29.8 38.6 investigators are explained mainly by the fact that in 
¢ 
28.5 the earlier studies the swollen brain tissue was not 
separated from the aqueous medium, which did not 
Average 25.1! 7.5 | 27.9 | 39.5 allow for demarcation of the separate fractions [1, 16]. 


In addition, the time of extraction of each fraction was 
less [17]. 


The phosphorus distribution in the protein fractions can be seen from the figure, It is worth noting that 
in changing the solute from 4,5% KCI to 1 M NaCl, protein is extracted which is twice as rich in phosporus 
at a somewhat lower nitrogen content, The alkali-soluble fraction is shown to be the richest in phosphorus, 


The nucleic acid content of each protein fraction was determined, The results are shown in Table 2, 
From the table it can be seen that the water-soluble fraction of protein contains about 0,18% of RNA 
phosphorus and 0,08 % DNA phosphorus, from which it follows that the first is almost 2,3 times as great as 
the second, 


In the water-soluble protein fraction, obtained by treatment of the freshly extracted brain tissue 
(Brik [1] ), the same quantity of DNA phosphorus was determined as in our investigations, The level of 
RNA phosphorus determined by the Schneider [18] method was the same as by ours, but the Schmidt- 
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Thanhauser method [12] gave twice as much, Thus, the results of our investigations again indicate the 
unsuitability of the latter method for determination of nucleic acid. 


It should be pointed out, however, that the method which we used for extraction of nucleic acid was 
not strictly quantitative, since a small portion of the nucleic acids were not extracted by this procedure [13]. 
Therefore, the true content of nucleic acid in the brain and correspondingly in the separate fractions may be 
somewhat higher than we determined, Comparing our data with the results of Schneider [18], it seems 
probable that the lowering of results is not significant, 


The nucleic acid content cannot be lower than we determined, since the solution in which the phos- 
phorus determination was made was free of other phosphorus-containing substances. This was shown by 
Ivanova and Pravdina [13]. In addition, besides the determination of nucleic acid phosphorus immediately 
after ashing we conducted the determination of RNA and DNA content spectrophotometrically at 260 my and 
in addition determined the RNA through the use of orcine. In both cases the phosphorus was calculated, 
Either concordant results or an insignificant divergence was obtained from these procedures; for example, 
the % RNA from the phosphorus was 0.177% from the orcine reaction— 0,177% and from the spectrophoto- 
metric data—0,196 


In the salt-soluble and water-soluble fractions the RNA was almost 2,5 times as great as the DNA. In 
the total make-up of the salt-soluble fraction there was detected at least 3 times as much nucleic acid as in 
the water-soluble fraction. However, the salt extracts only 7.5 %of the total quantity of protein and the 
phosphorus content of this protein fraction comprises only 11.7% of the total quantity. The water extracts 
25% of the total brain protein containing about 28% of the total phosphorus. Consequently, in the salt- 
soluble protein fraction, there is a significantly greater percentage of nitrogen and phosphorus which belong 
to the nucleic acids than in the protein of the other fractions, But the absolute quantities of RNA and DNA of 
these fractions are similar because the quantity of protein in the water-soluble fraction is 3.5 times greater 
than in the salt-soluble fraction. The high content of nucleic acid in the salt-soluble fraction is shown in 
the work of Brik [1] and Broun [2], 


In comparing the content of nucleic acid in the salt-soluble protein fraction obtained through the use 
of 4,5% KCl [1] and the use of 1 M NaCl, it can be seen that the sodium chloride extracts a fraction which 
contains on the average per unit weight of brain twice as great a quantity of RNA and a somewhat greater 
quantity of DNA. Consequently, NaCl is shown to be a better nucleic acid solvent than KCl, The two 
following fractions (alkali-soluble and residue) contain in total the greatest quantity of brain tissue protein 
(about 65%. They also contain the greatest part of the phosphorus, But the basic quantity of nitrogen and 
phosphorus they contain belongs to non-protein substances, which precipitate together with the protein, as 
was shown by Brik [1]. They contain only insignificant amounts of nucleoproteins. The RNA phosphorus 
contained in both fractions is present to the extent of 0.03% while the DNA and alkali-soluble fractions. con- 
tain 0.01% phosphorus, and the residue 0,02% 


We attempted to investigate the nucleic acids of the nucleus and cytoplasm. Separation of the nucleus 
and cytoplasm from brain tissue presents considerable difficulty and has not as yet been successful. The 
investigators who conducted the separation of the nucleus from brain tissue were not interested in a pure 
cytoplasmic layer [15, 19], We obtained the nucleus in pure form, which was verified by histological study, 
but from the cytoplasmic layer only 70% of the nucleus could be separated. Accordingly, the results of this 
study can be considered as only approximate. 


It was shown that the brain cell nucleus is rich in nucleic acid : calculated on air-dry basis of nuclear 
protein weight, the DNA phosphorus content is 0.67% and the RNA phosphorus 0.20% The cytoplasm contains 
about 0,050% RNA phosphorus and 0, 010% DNA phosphorus, Evidently with greater freeing of the cytoplasm 
layer of nuclear material, the DNA and to a lesser degree the RNA decrease. Inasmuch as the total quantity 
of cytoplasm protein is 10 times higher than that of the nucleus, the absolute quantity of RNA in the cyto- 
plasm is higher than that in the nucleus, 
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Quantity of Radioactive Phosphorus 
Incorporated into Brain Nucleic Acid 


Investigation of phosphorus renewal in nucleic acid 
showed that the nucleic acids comprising the various 


N protein fractions renew their phosphorus in unequal 


N degree, 


From Table 3 it can be seen that for each of the 
individual experiments as well as for the average, the 
comparative specific activity of RNA in the water- 
soluble fraction is about five times higher than that in 
the salt-soluble fraction, while the RNA, which enters 
the protein of the alkali-soluble fraction and residue, is 
renewed so slowly that under our conditions we could 
not detect the inclusion of radioactive phosphorus in it. 


Figure 1, Phosphorus distribution in 
brain protein fractions: 

Phosphorus content expressed as % 
of total protein phosphorus, taken 
as 100% 1-— water-soluble 
fraction; I— salt-soluble; 
alkali-soluble; IV — residue, 


TABLE 3 


Comparative Specific Activity of RNA and DNA in Different Protein Fractions 


Fraction 


Water-soluble Salt-soluble Alka li-soluble Residue 


RNA DNA RNA DNA | RNA | DNA RNA 


0.39 0.037 
0.44 0.051 
0.31 0.050 
0.28 0.060 


| 
Average: 1.35 0.049 | 0.07 0.00 | 


The data were much less clear for DNA, since the activity of the DNA preparations was very low as a 
result of the low rate of renewal of its phosphorus in the brain, 


-The comparative specific DNA activity in the water-soluble fraction was about 5 times higher than 
that in the salt-soluble, but inasmuch as the activity of the DNA preparation was very low and the variation 
between experiments was considerable, the magnitude cannot be considered reliable, Undoubtedly, however, 
the DNA phosphorus of the water-soluble fraction is renewed much more quickly than that of the salt-soluble 
fraction. As in the case of RNA, renewal of DNA in the alkali-soluble fraction and residue was not detected. 


The renewal intensity of phosphorus in the nucleic acids and proteins of the nucleus and cytoplasm of 
brain tissue was also studied (Table 4). From the data obtained it follows that the nucleic acid phosphorus of 
the nuclear protein is renewed more intensively than in the cytoplasmic protein. Obiviously, with complete 
separation of the nucleus and cytoplasm, this difference would be even more evident. 


DISCUSSION OF RESULTS 


From the data presented it can be seen that neither the selection of proper solvents nor extraction over 
a long, period of time yielded a complete concentration of nucleoproteins in one or two fractions, although 
the major proportion was extracted by water and sodium chloride solution. The question naturally follows 
whether different sorts of nucleoproteins exist in brain tissue. Differences in the nucleoproteins can be 
explained, as has been shown for other tissues, by the structure and composition of the tissue, and also by the 
degree of the participation of the nucleic acids in metabolic processes of the different cell parts (nucleus, 
mitochondria, etc,), that is, in the life activity of the cells. For such tissue as the brain, with its complex 
structure and function, complex nucleoprotein composition is very likely. This assumption is strengthened by 
the investigation of the rate of inclusion of P22’in the nucleic acids which enter the composition of the 
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TABLE 4 different protein fractions, It has been shown that the 
rate of phosphorus renewal in nucleic acids of the 
different proteins is dissimilar, The rate of inclusion 
of phosphorus in the RNA and DNA of the alkali-soluble 
fraction and residue is so low that even with introduct- 
RNA DNA ion of isotope dosages of 1.5— 3 mC/kg body weight 
| cr ee their activity cannot be established. By contrast, in 
Cyto- Cyto- 
Nucleus plasm Nucteu4 plasm 24 hours there is an interchange of RNA~-labelled 
ee phosphorus to the extent of 35% in the water-soluble 
0.09 0.07 0.01 fraction and 7% in the salt-soluble fraction. Renewal 
0.09 0.07 0: 0.01 of DNA phosphorus in the alkali-soluble fraction and 
0.13 0.06 0: 0.01 residue was not detected; in the salt-soluble fraction it 
0.08 og i was renewed to the extent of 1 % and in the water- 
soluble to the extent of 4,9%, 


Comparative Specific Activity of Nucleic 
Acid in the Nucleus and Cytoplasm 


Average: 0.10] 0.07 | 0.02 | 0.01 


Consequently, there is more intense renewal in 
both the RNA and DNA in the water-soluble than in the 
salt-soluble fraction, In light of the high activity of 
the samples and the low divergence of results in the 
individual tests, it can be concluded that the RNA 
phosphorus of the water-soluble fraction is renewed about 5 times as fast as in the salt-soluble. 


As is the case with many other tissues, for brain tissue there is characteristically a much higher rate of 
phosphorus inclusion in RNA than in DNA (in our experiments, about 7 times as high for each fraction), 


Thus, the theory of the presence of nucleoproteins in brain tissue which participate to a varying degree 
in cell metabolic processes is confirmed, Obviously, they can play various biochemical roles, In particuiar 
it can be assumed that the alkali-soluble and residue proteins in part represent proteins which are components 
of the cell framework, of the order of structural materials, If the nucleoproteins of these fractions enter into 
proteins of this type, then the low rate of their renewal becomes more understandable, 


To resolve the questions related to the origin and role of rapid and slow nucleoprotein renewal, the 
next step is the study of the nucleoproteins of the individual morphological cell structures (nucleus, 
mitochondria, chondriosome). There are frequent references in the literature as to different renewal rates 
of RNA and DNA in the different cell structures, but none of these studies were carried out on brain tissue, 

Our data are only approximate, since the nucleus was separated from the cytoplasm only to the extent of 70% 
But these data permit the conclusion that phosphorus inclusion in the nuclear nucleic acids proceeds more 
intensively than in those of cytoplasm. In particular, while nuclear RNA phosphorus renewal is 10%a 

day, that of the cytoplasm is only 7%. The DNA renewal is very low and for this reason quantitative inter- 
pretation of the results is not possible, 


Thus, renewal of nucleic acids in the nucleus is more rapid. In fractionation, at least a portion of them 
enters the water-soluble fraction, although it is stated that the nucleoproteins of the nucleus can be extracted 
only with salt solution, Thus, if the fractionation of the cytoplasmic proteins is conducted according to the 
same scheme as the cellular ones, as was done by us in one of the experiments, then the comparative specific 
RNA activity of the water- and salt-soluble fractions will be the same and similar in magnitude to the salt- 
soluble protein fraction of the entire cell, Besides, the more rapid renewal of RNA in the nucleus may 
indicate that the nuclear envelope is no greater a barrier for penetration of p than the cellular one, and 
consequently the low rate of DNA renewal is not therefore dependent upon the fact that in the nucleus, where 
it is contained in greater quantities, phosphorus penetrates slowly. 


All these questions can be answered more precisely upon attaining complete separation of the nucleus 
from the cytoplasm. In addition, for brain tissue, it is necessary to study not only the nucleoproteins of the 
various cell parts, but to investigate the separate topographical branches of the brain inasmuch as they 
differ in function and consequently in metabolism, 
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SUMMARY 


The water-soluble, salt-soluble, alkali-soluble and residual protein fractions of brain tissue contain 
nucleoproteins, The salt-soluble fraction was the richest in nucleoproteins, The nucleoproteins in the 
different fractions of brain tissue protein show significant differences in the rate of phosphorus renewal, The 
rate of phosphorus inclusion in the RNA of the water-soluble fraction was five times that of the RNA of the 
salt-soluble fraction, The rate of inclusion of phosphorus in the DNA of the water-soluble fraction was 
several times higher than that of the salt-soluble fraction, The rate of inclusion of phosphorus in the RNA of 
the water- and salt-soluble fractions was several times higher than the rate of inclusion of phosphorus in the 
DNA of these fractions, The rate of renewal of phosphorus of the nucleic acids of the alkali-soluble and 
residual protein fractions was so low that it could not be detected even during a period of 24 hours. 


For brain tissue, the rate of inclusion of phosphorus in RNA was higher’ for the nucleus than for the 
cytoplasm, The rate of inclusion of phosphorus in RNA is considerably higher in the nucleus and cytoplasm 
than it is for DNA. 


We owe profound gratitude to Professor G. E. Vladimirov for his suggestions, direction and help in the 
studies conducted, 
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THE EFFECT OF OXYGEN UNDER INCREASED PRESSURE 
ON THE ACTIVITY OF GLUTAMINE SYNTHETASE OF THE BRAIN 
AND OF THE LIVER IN ANIMALS 


Z. S. Gershenovich and A. A. Krichevskaya 
Chair of Biochemistry, Univ. of Rostov-on-Don, and Division 


of Biochemistry of the Science-Research Biological Inst, 


Holding of animals and plants under conditions of high oxygen pressure has destructive effects on the 
dynamics of metabolic processes. The transition in the evolutionary process to an aerobic path of 
oxidation increased the effectiveness of energy utilization of organic respiratory substrates and oxygen 
became the chief electron acceptor. Normal life activity is possible only with the presence of a 
strictly defined concentration of oxygen of the environment, Nerve tissue and the phylogenetically 
youngest portion of it, the brain, are particularly sensitive to the toxic effects of oxygen. 


In higher animals the syndrome of oxygen poisoning proceeds as a disfunction of the central 
nervous system, Investigations of brain metabolism from several different points of view revealed the 
sensitivity of separate enzyme systems to higher oxygen pressure. The most important disturbance can 
be considered the blocking of the iron-containing brain respiratory enzymes [1], the impossibility of using 


the energy of the high-energy phosphate bonds [2], and the disturbance of the functional system — 
glutamic acid, ammonia, glutamine [3, 4]. 


Taschiro [5], in experiments on isolated nerve, was the first to point out the significance of 
ammonia in the process of nerve tissue stimulation, These observations were confirmed and developed by the 
studies of Winterstein and Hirschberg [6], Gerard and Meyerhof [7], Pravdich-Neminsky (8], and others, 
Vladimirova, in a series of studies [9], showed that the ammonia content of the brain increases during 
stimulation of the central nervous system, The process of inhibition, on the other hand, is accompanied 
by a decrease in the ammonia content of the brain. For example, during deep sleep, there is a twofold 
decrease in the ammonia content by comparison with the norm; urethane, hypoxemia, and other 
conditions have the same effect. Richter and Dawson [10], in experiments on rats during a four-minute 
stimulation, did not detect any increase in brain ammonia and in some:cases, there was a decrease in 
its content below the norm. In light of Vladimirova's findings, it can be assumed that these investigations 
were carried out at the time of overflow of inhibition following stimulation. 


There is an especially sharp increase in the brain ammonia during stimulation of the central 
nervous system which is accompanied by convulsions [9], An increase in the ammonia content of the 
brain and blood during experimental epilepsy produced by freezing part of the brain was observed by 
Budanova [11]. In the work of Richter and Dawson [10], convulsions produced by the introduction of 
picrotoxin led to a 74% increase in ammonia. Convulsions produced in anoxemia produced by holding 
animals for one minute in a chamber filled with a mixture of nitrogen (95%) and carbon dioxide (5%) 
are accompained by an even greater increase in the brain ammonia content, It is important to note 
that the increase in brain ammonia content is also noted in the preconvulsive period. In the brain of 
animals killed one second after electrical irritation, that is, several seconds before the onset of 
convulsions, an increased content of ammonia is found. The ammonia content of the blood does not 
change under these conditions, On this basis, the authors assume that the increase in the brain ammonia 
content is a result of local processes in the brain accompanying the stimulation, 


if 
a 
4 
a 
Ag 
4 
J 
4 
j 
| 
q 
7 
4 
a 
4 
F 
: 


In animals undergoing the effect of high oxygen pressure, convulsions of the epileptic type develop 
during the specific period of oxygen poisoning. The time of onset of convulsions depends upon the oxygen 
pressure, the type and condition of the animal. Our earlier studies [4] indicated an increase in brain 
ammonia content both in the convulsive and preconvulsive periods, 


The source of ammonia in the brain is the adenylic system and particularly glutamine [12]; the 
latter is found in the brain in quantities of 50-100 mg %. Vrba [13] showed that not only the free glutamine 
but the glutamine in the protein can be a source of ammonia. During stimulation of the central nervous 
system producing protracted physical stress, a decrease of amide nitrogen occurs in the protein molecule, 
This is accompanied by an increase in the free glutamine content, and a decrease in the free 
glutamic acid content, 


Free glutamine formed during stimulation is not only a product of detoxication but is a 


_ Starting point for the synthesis in the brain during rest of high molecular nitrogen-containing compounds, 


In the latter case there isa decrease in the content of free glutamine at the same time as there is an 
increase in the amide nitrogen of the protein fraction, Vrba in particular emphasizes the protein 
participation in the process of stimulation of nerve tissue. 


It is well known that ammonia is a powerful nerve poison, Introduction of ammonium ions into 
animals results in paroxysms and death. Under normal conditions the brain contains only traces of 
ammonia, Using a freezing technique on the live animal, various authors have found 0,28- 0.34 mg % 
ammonia in the brain [9, 10], but even these quantities of ammonia are considered an artifact by some 
authors, 


The utilization of ammonia for synthesis of glutamine from glutamic acid by liver, brain and eye 
retina slices were originally shown by Krebs [14] and Weil- Malherbes [15]. A pre paration catalyzing the 
synthesis of glutamine from ammonia and glutamic acid was made _ by Speck [16] from pigeon liver; by 
Elliott [17] from sheep brain and from ripe oats; by Fry [18] from Micrococcus pyogenes var. aureus, The 
enzyme obtained was called glutamine synthetase, Detailed studies have been carried out on the properties 
of the enzyme and conditions of glutamine synthesis. According to Speck [16], the purified enzyme is 
related to that protein fraction whose solubility is similar to that of the euglobulins. Glutamic acid, 


ammonia, ATP and Mg** ions all take part in glutamine synthesis, The Mg** ions can be replaced by 
Mn** ions, but in this case the reaction rate is cutinhalf, The fastest rate of reaction is observed in 
the presence of cysteine, glutathione or cyanide, Evidently the free sulfhydryl protein groups play an 
important role in the activity of the enzyme, The reaction proceeds stoichiometrically, During 
utilization of 1.05 mols of ammonia there are formed 1.0 mols of glutamine and 1,0 mol of phosphate is 
liberated, Based on these data, the reaction is represented in the following form: glutamic acid + NHg + 
ATP glutamine + ADP + HPO,. 


The reaction is inhibited by small concentrations of fluroride, methionine sulfoxide and methionine 
sulfone. Depression of the glutamine synthesis by chlormercurybenzoate and removal of its effect by 
cysteine confirms the presumption of the important role of thiol groups in glutamine synthesis, ADP is an 
active inhibitor, Its effect is decreased with an increase in ATP concentration, Fry [18] considers that 
this antagonism attests to a competition for the active center of the enzyme system, Glutamine synthesis 
is completely disrupted under anaerobic conditions, The optimum pH of the reaction is 7.5 - 8.0. 


Levintow and Meister [19] on the basis of carefully conducted experiments showed that the reaction 
of glutamine synthesis is reversible in the presence of glutamine synthetase. The purified enzyme in the 
presence of phosphate and ADP catalyzes the rapid cleavage of glutamine with the formation of ammonia 
and glutamic acid, Phosphate participates in this reaction in equimolecular quantities and is fixed in the 
form of ATP. The equilibrium constants of the direct and reversible reactions were determined, Ammonia 
in the forward reaction can be replaced by hydroxylamine or hydrazine, which leads accordingly to the 
synthesis of glutamylhydroxamic acid and glutamylhydrazide, Glutamylhydroxamic acid is easily 
determined colorimetrically. 


In previous studies we investigated glutamic acid, ammonia and glutamine of the brain during both 
rapid and slow development of oxygen poisoning [3, 4]. Slow development of oxygen poisoning is observed 
in animals under the influence of an oxygen pressure of 4atm. Convulsions in rats begin from 120-135. 
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min. from the beginning of the effect. Along withan increase in the ammonia content of the brain 
(from 20 to 22 mg %) an increase in the content of glutamic acid and an almost complete 
disappearance of glutamine was observed, There is a strong intoxication which develops under an oxygen 
pressure of 6 atm, Convulsions in rats begin after 10-15 min, and these become more marked, After 
40-50 min, the animals die, Under the influence of an oxygen pressure of 6 atm, the content of 


ammonia as well as glutamic acid and glutamine in the brain increases both in the preconvulsive and 
convulsive periods, 


It can be assumed that the changes in the relationship between ammonia, glutamic acid and 
glutamine in brain tissue under the influence of oxygen at high pressure on the animals is the result of 
a deep disturbance of the enzyme activity dealing with nitrogen metabolism and most important, of 
the enzyme catalyzing the synthesis of glutamine, In the present work there are presented results of 
investigations of glutamine synthetase activity in different periods of oxygen poisoning. 


EXPERIMENTAL 


The experiments were carried out on guinea pigs, The animals were divided into two groups. The 
controls were held under usual laboratory conditions and the test animals were placed for a determined 
length of time in a special barometric chamber where they were subjected to pressures of pure oxygen of 
4-G atmos, The carbon dioxide given off by the animals was removed by alkaline absorption. Compress- 
ion and decompression were exerted for three min, After decompression the test animals(and at the same 
time the controls) were decapitated, The brain and liver were quickly removed and carefully ground 
with 5 volumes of acetone at~ 5°, and werethen left to stand on ice 15 min, The precipitate was filtered 
offon a Buchner funnel and washed on the filter with cold acetone, The powder obtained by acetone 
treatment was air-dried and sieved through a thin silk sieve, From the prepared brain and liver powder 
the enzyme was extracted with 10 volumes of water. The extraction was conducted in a refrigerator 
with continual stirring for 2 hours at 5°, After extraction the precipitate was separated by centrifuga- 
tion and so as to free the extract of adenosinetriphosphatase activity, there was added (after cooling to #) 
one-fifth the volume of 0,1 M acetate buffer at pH 4.2. 


The precipitate which again formed was removed by centrifugation and dissolved in a given volume 


of 0.02 M pH 6.9 phosphate buffer, The extract which was purified in this manner possessed very little 
ATP-ase activity. 


The enzyme activity was determined in the following system: 0.5 ml pH 7.4 phosphate buffer, 40 
uM hydroxylamine (2,76 mg), 100 4M glutamic acid (14,7 mg), 40 4M MgCl, (3.8 mg), 20 4M cysteine 
(3.3 mg), 10 4M ATP (8.16 mg dibarium salt) and 1 ml of enzyme extract, The total volume of the 
sample was 3 ml. As a control there was used a sample without addition of glutamic acid, The sample 
was stirred ina thermostat at 37, for 30 minutes, 


The reaction was stopped by the addition to the sample of 1 ml of cold 10% trichloracetic acid, 
Glutamylhydroxamic acid was determined by its color reaction with ferric iron (Lipmann and Tattle [20], 
For this purpose 1 ml of 0,74 M Fe Clg in 0,1N HCl was added to the sample, The protein precipitate was 
removed by filtration, The color intensity was determined on the SM-4 spectrophotometer at a wave 

length of 540 my. A standard curve was constructed with acetylhydroxamic acid, which was obtained by 


the interraction of acetylcholine and hydroxylamine, The results were expressed in yg glutamylhydroxamic 
acid synthesized per gram of tissue in 30 min, 


In another series, from the acetone powder of brain and liver of control animals, an enzyme prepara- 
tion was prepared by the method already described. A complete system synthesizing glutamine was set up 
as described in the in vivo experiments. A portion of the sample after preliminary heating at 37, 
was held for 30 min. in a pressure chamber under oxygen pressure of 6 and 4. atm, for 30 min, The other 
portion of the sample was held the same length of time in a thermostat at 37, after which the 
reaction was stopped by the addition of 1 ml of 10% trichloracetic acid. The glutamic acid formed was 
determined by the method of Lipmann and Tattle [20]. 
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RESULTS 
A. In Vivo Experiments 


Oxygen intoxicatiou is characterized by a series of successive stages. The first (preconvulsive) and 


second (convulsive) stages are of the greatest interest, In guinea pigs convulsions develop from 60-100 min, 


after beginning of the test under an oxygen pressure of 4 atm. We investigated the enzyme activity in the 
preconvulsive stage (30 min, after the beginning of the test) and after the onset of the second or third 
convulsion, Data as to the change in glutamine synthetase activity of guinea pig brain under the 
influence of 4 atm. oxygen pressure are shown in Table 1. 


From Table 1 it can be seen that the glutamine synthetase activity of brain in the preconvulsive stage 
of oxygen poisoning markedly increases: in one test series to 33,3% and in another to 52.2%. In the 
convulsive stage a lower enzyme activity is observed, on the average 36.3 %, 


We had previously established [4] that under the same test conditions in the preconvulsive stage in rat 
brain there occurs an increase in the ammonia and glutamic acid content, although the glutamine does not 
completely disappear from the brain tissue, A decrease in the activity of the enzyme synthesizing 
glutamine might consequently have been expected, However this assumption was not confirmed — the 
potential enzyme activity in the preconvulsive stage increases. Another assumption may be pertinent — 
that with the presence of a sufficient ammonia content, glutamic acid and a high activity of the enzyme 
system either cannot be used as the necessary source of energy for synthesis or the reaction shifts markedly 
in the direction of glutamine disintegration. The disintegration reaction is compensatory, since even at 


the climax of the convulsive fits the ATP content in the brain during oxygen poisoning is somewhat 
higher [2]. 


Rosengart, Lebedeva and Maslova [21] have also shown that the sharp stimulation of rabbits 
(convulsions) by picrotoxin, chorazole, etc, have no effect on the ATP and creatinephosphate content, It 
can be assumed that during convulsions the various substances formed lose the capacity to utilize the 
energy of high-energy phosphate bonds and the condition of stimulation is supported as a result of other 


processes, producing internal energy. Among the latter belong the disintegration of glutamine into ammonia 
and glutamic acid, 


The enzyme activity falls with the onset of convulsions, The reason for this evidently is the change 
in the structure and properties of the proteins, However a decrease in activity of 36.3% cannot be the 
reason for complete freedom from glutamine in the brain: evidently the cause of glutamine absence in the 
brain in the preconvulsive period continues to act during the further development of intoxication, 


Under an oxygen pressure of 6 atm, convulsions in guinea pigs begin after 30-60 min. We studied the 
convulsive phase of oxygen intoxication after the first 2-3 convulsive fits and at the end, when after 


lengthy and repeated convulsive fits (20-40 min.) the animal lies immobile. In this stage the changes are 
irreversible and the animal always dies, 


From the data shown in Table 2 it can be seen that the enzyme activity in the preconvulsive 


terminal phases of oxygen poisoning under oxygen pressure of 6 atm, decreases correspondingly to 27.5 and 
67.5%. 


As already noted, under an oxygen pressure of 6 atm., some increase in the content of ammonia and 
glutamic acid is observed, and along with this, some increase in the content of glutamine by comparison 
with control animals, The decreased enzyme activity does not coincide with the data obtained. However, 
it can be assumed that in the case of a very slow synthesis the rate of disintegration decreases, This leads 
to some accumulation of free glutamine, In such cases the changes in the chemical dynamics are so high 
that the utilization of glutamine appears to be more difficult. 


An increase in ammonia content may be the result of disintegration of a series of other nitrogenous- 
containing substances — deaminated amino acids, deamidated proteins, etc, Investigations in our 


laboratory showed that there was an increase insusceptibility of the brain proteins to attack by proteolytic enzymes 


during the effect of high oxygen pressure on the animals [22], and an increase in the rate of incorporation 
of labelled methionine sulfur in the brain protein [23} All these facts attest to destructive changes in 
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TABLE 1 TABLE 2 


Glutamine Synthetase Activity of Guinea Pig Glutamine Synthetase Activity of Guinea Pig 
Brain Under the Influence of 4 atm, Oxygen Brain Under the Influence of 6 atm, Oxygen 
Pressure, Pressure, 

ug hydroxamic acid/g tissue for 30 min, ug hydroxamic acid/g tissue for 30 min, 


Series I ___ Series \Pre-con 

Pre-con- |Convul- |Pre- con- Control |vulsive Terminal 

Control |vulsive sive Control! yulsive period period 
1155 | 910 280 j 

1580 390 1250 1155 1927 990 700 270 : 
1375 2350 1025 990 1500 840 603 360 4 
1700 2000 1100 840 1560 1052 860 420 a 
1600 2440 80 1052 1250 950 625 320 a 
1934 3000 1050 950 1400 880 800 380 f 
1671 2240 900 $80 1560 1040 685 b 
1600 1970 


Average: 


1018.5 739.6 330.0 
1650 


1051 


the protein molecule under the influence of high oxygen pressure with the result that free ammonia may be 
released, 


Activity of liver glutamine synthetase 


To elucidate the specific nerve tissue reaction under the influence of increased oxygen pressure, we 
investigated liver glutamine synthetase activity in the same animals, 


As can be seen from Table 3, the liver glutamine synthetase activity markedly decreases, independ- 
ent of the degree of pressure and condition of the animal, Thus under oxygen pressure of 4 atm, in the 
preconvulsive period the activity decreases to 63.5%, and in the convulsive period to 74.4%, Under an 
oxygen pressure of G atm. in the convulsive period the activity decreases to 55.7% and in the terminal 
period to 48,5 %, The similarity in reaction distinguishes liver glutamine synthetase from brain 
glutamine synthetase, 


TABLE 3 B. In Vitro Experiments 


The complete enzyme system was subjected to 
the influence of high oxygen pressures of 4 and 6 atm. 
for 30 min, Samples placed in a thermostat served as 


Liver Glutamine Synthetase Activity 
of Guinea Pigs Under the Influence of 
High Oxygen Pressure 


pg glutamylhydroxamic acid/g of tissue — 
for 30 min, From Tables 4 and 5 it can be seen that the : 
glutamine synthetase activity of brain and liver 

oe preparations decreases both under 4 as well as 6 atm. 


oxygen pressure. Under the influence of 4 atm, of 
oxygen pressure the activity of the brain preparation 
falls to 54.4 % and that of the liver to 64.5 %. The 
corresponding decreases at 6 atm, oxygen pressure 


300 120 96 144 208 are 52.1 and 64.2%. These data indicate that the 
378 169 82 224 | 208 . 
496 153 90 144 154 influence of oxygen under direct pressure, outside the 


286 100 91 72 122 


i tructi 
256 84 80 180 | 486 organism, on the isolated enzyme leads to destruction 


of enzymatic activity, After 30 min,, independent of 
the magnitude of the pressure, the enzyme loses more 


Average: than half the original activity. 
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In experiments on intact animals it was shown that under the influence of oxygen pressures of 4 atm. 
for 30 min, the enzyme activity not only did not decrease but significantly increased, This again attests to 
the fact that data obtained on tissue preparations and enzyme systems cannot always be directly carried over 
to the living organism. However, from these tests it can be concluded that under the influence of 
oxygen under pressure, there occurs a destruction of the protein molecule as a result of which the enzyme 
loses part of its activity, It is possible that the greater difficulty in utilization of ATP energy in this enzyme 
reaction and perhaps in some others is a result of specific structural changes in the component 
protein molecule of the enzyme, 


TABLE 4 TABLE 5 


Glutamine Synthetase Activity in Glutamine Synthetase Activity in 
Brain Tissue Preparations Under the Liver Tissue Preparations Under the 
Influence of High Oxygen Pressure, Influence of High Oxygen Pressure, 
ug glutamylhydroxamic acid/ g ot ug glutamylhydroxamic acid/ g of 
ussue for 30 min, tissue for 30 min. 


Control | 6 atm Control 


4155 

55 
1052 ‘ 280 
950 3. 252 
880 352 
1040 350 
960 00. 352 
1100 5 019 
421 8 21 6 


Average: | | 


DISCUSSION OF RESULTS 


Average 


The data obtained attest to’ the fact that under high oxygen pressure marked changes in the animal 
organism occur in the liver and brain glutamine synthetase activity. As a result there is a disturbance in 
the glutamic acid-bound ammonia and formation of energy-rich imide bonds, 

Under the influence of oxygen pressures of 4 atm., with several substantialchanges in lung tissue, 
there slowly develops damage in the central nervous system; glutamine synthetase evidently completely 
loses its ability to synthesize glutamine. This is evident from the fact that with high ammonia, glutamic 
acid and ATP content in the brain, we could not detect any free glutamine, Only in direct tests on 
determination of synthetase activity, when optimal conditions existed for manifestation of enzyme activity 
after the action of oxygen at high pressure, the activity comprised about 50 % of that initially, 

Under an oxygen pressure of 6 atm, intoxication rapidly develops, leading to a complex of systems 
which is manifested as a disturbance of the central nervous system. In these cases a profound disturbance 
of the synthetase activity is also observed. The enzyme activity decreases by 27.5% in the convulsive 
period and by 67.5 % in the terminal period, This is attested to by the high content of ammonia and 
glutamic acid in the brain. However, we detected free glutamine in the brain during these periods (in 
some cases even higher than normal). It can be assumed that the detected glutamine formed in the first 
minutes of effects of increased oxygen pressure is formed in insignificant quantities subsequently, but that its 
utilization in metabolic processes stops, 


There is now evidence introduced by Waelsch [24] of the direct participation of glutamine in 
synthesis of peptide bonds, Glutamine, like glutathione, contains the glutamyl radical, In microorgmisms, 
and plant and animal tissues, there have been detected enzyme systems which catalyze the transfer of 
glutamy] from glutamine or glutathione to other amines or amino acids, 
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This enzyme is known as glutamine transferase, With its participation, the y -glutamyl radical of 
glutamine is transformed into hydroxylamine, hydrazine or labelled ammonia correspondingly forming 
glutamylhydroxamic acid, glutamylhydrazide and glutamine labelled in the amide group. 


Glutamine transferase from microbial sources can be obtained in a highly purified form and is easily 
freed from glutamine synthetase activity (Grossovit:. [25]), while in plant and animal tissues the glutamine 
transferase activity cannot be separated from the glutamine synthetase activity [26]. 


As already indicated, the synthesis of glutamine from glutamic acid and ammonia demands a 
flow of energy from outside, since the transfer of the radicals proceeds with the utilization of energy 
present in the amide linkage, The relationship between synthctase and transferase reactions can be shown 
schematically in the following way: 


thet 
1. Glutamic acid + NH, + ATP stutamine + ADP + 
(Mg**) 4 


transferase 
(Mn**) 


2, Glutamine + NH,OH glutamylhydroxamic acid + NHg 

As a result of the transfer of the y -glutamyl radical to glutamine or glutathione, y -peptide groups are 
formed on the amine or acid. Thus, glutamine and glutathione are substances by whose participation 
the energy of high-energy phosphate bonds are used for the formation of peptide linkages, y~Glutamyl 
peptide is rebuilt into a@-peptide or, as a result of further transfer, a-peptide linkages are formed, At the 
moment there is no direct experimental evidence for the transformation of y -peptides to a-peptides. 
However, in the work of Rudnik, Mela and Waelsch [27], data were obtained which could be interpreted as 
confirmation of the hypothesis as to participation of y-glutamyl peptides in protein synthesis, In studying 
the relationship between synthetase and transferase activity and the protein content in the formation of 
organs in chick embryos, the authors showed that in the organs most rapidly developed — brain and liver 
~ there exists a parallelism between the magnitude of transferase activity and peptide synthesis, 


Our data indicate that under the influence of increased oxygen pressure on the animal organism 
there occurs a profound disruption of the utilization of high energy bonds, The inability of utilizing ATP 
energy along with the changes in the properties of enzyme component proteins leads to the disruption of 
the glutamine synthesis process, It can be assumed that the energy of the amide bond also is not utilized. 
An indication of this is the accumulation of glutamine in the brain under the influence of increased 
oxygen pressure on the organism, Further studies must give direct evidence of this hypothesis. 


SUMMARY 


The fermentation system which brings about glutamine synthesis is sensitive to hyperoxidation, 
Glutamine synthetase of the brain was more resistant to the deleterious action of oxygen than was that 
of the liver, Glutamine synthetase inactivation in the brain was preceded by a brief period of heightened 
activity, 
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THE DETERMINATION OF THE SPECIFIC ACTIVITY OF SULFUR 
IN SMALL QUANTITIES OF ORGANIC SUBSTANCES 


G. A. Nechaeva 
Laboratory of Biochemistry of the Nervous System, I. P, Pavlov 


Inst. Physiol., Acad, Sci. USSR, Leningrad. 


The use of radioactive sulfur in methionine makes it possible to follow the metabolism of sulfur- 
containing compounds, including proteins, 


Many studies devoted to the investigation of protein change were based only on the activity of batches 
of dry protein, without determination of specific sulfur activity [1,2, etc.]. This permitted the elucidation 
of some protein renewal mechanisms. However, for investigation of the metabolism of other sulfur-containing 


compounds and for correlation of their metabolism with protein metabolism,the specific activity of the sulfur 
entering into them must be determined, 


The chief difficulty involved in determining specific sulfur activity is that for these methods [3, 4, etc.] 
amounts of sulfur not less than 300-1000 pg can be determined, We encountered the same difficulty in study- 
ing the renewal of the sulfur proteins, glutathione and sulfatides of rat brain, when for the measurement of 
activity there arose the necessity of determining and separating extremely small quantities of sulfur. Our 
attention was drawn in 1953 to a method suggested by Dodgson and Spencer [5] for the determination of in- 
organic sulfur which permitted the determination of quantities of 10 yg of SO, and higher. The principle 
of the Dodgson and Spencer method consists in precipitation of sulfuric acid with benzidine and the formation 
of a color reaction (red coloration) by the interaction in alkaline medium of diazotized benzidine with thymol. 


The basic difficulty with use of such a method for the determination of sulfur in organic materials con- 
sists in the search for a means of ashing the organic substance so that the sulfur is transformed into the oxidized 
state without loss, and at the same time not to interfere with the subsequent determination. 


As an oxidizing medium for the sulfur contained in organic substances there was used a mixture of 
sodium carbonate and sodium peroxide according to Carius [4], a mixture of nitric and perchloric acid [6], 


the Benedict reagent (copper nitrate and potassium chlorate), or the Benedict-Denis reagent (copper nitrate, 
sodium chloride, and ammonium nitrate). 


In direct ashing [6, 7] copper is added to bind the reduced sulfur which forms from the sulfuric acid in 


the mixture. In this connection westudied the influence of copper ions on precipitation of H,SO, in alcoholic 
solutions of benzidine [5]. 


It appears that if in the sulfuric acid which has been ashed and taken for precipitation (see below), there 
is present copper in a quantity corresponding to 0,085 ml of 40% solution of (CuNOs), and greater, then 
during the addition of the benzidine solution there forms a voluminous brown precipitate, which impedes the 
analytical procedure. Smaller amounts of copper have no influence on the precipitation of benzidine sulfate. 
In order to bind 100 yg of sulfur, 0,05 - 0,06 ml 40 % Cu(NOs), + 3H,0 is sufficient. 


Ashing in crucibles with the Benedict [7] reagent was tried first, and also with a mixture of the Benedict 
reagent and nitric acid. This type of ashing gave good results in determination of cysteine sulfur, but was 
found unsuitable for the ashing of methionine, whose sulfur is oxidized by these mixtures to the extent only of 
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60 - 70% Similar results in the ashing of methionine and cysteine with the Benedict-Denis reagent were i - \ 
obtained by Rutenberg and Andrews [8]. Accordingly we went over to wet ashing of organic substances with wae 

if a mixture of nitric and perchloric acids with the addition of copper nitrate and concentrated HCl, Bo 

After ashing, the mixture was dried at a high temperature, which made possible the removal of oxidized . 7 
remains which change during ashing, and thus assured the correctness of the subsequent colorimetric determin- oo 
ation of sulfur, HCl was added to the ashing mixture in connection with indications [9] that aqua regia in the - “ 
presence of nitric acid during ashing in ampoules completely oxidizes methionine sulfur, The mixture of 5 i 
nitric, perchloric and hydrochloric acids was used by Gaitonde and Richter [10] for the ashing of sulfur-contain- - 

7 ing substances, 

As indicated by control experiments with radioactive methionine, the methionine sulfur is oxidized to “ 


about 98% during ashing in test tubes, 


Procedure For Determination of Sulfur in Organic Materials 


Reagents; 1) concentrated HNOs; 2) 60% perchloric acid (HC1Og 3) concentrated HCl; 4) 40% copper 
nitrate (Cu(NOs3),° 3H,O); 5) 3N HCl; 6) 1N HCI; 17) 1%basic benzidine in 95% alcohol; 8) 10% trichlor- 
acetic acid; 9) 0.1%NaNO,; 10) 0.5% thymol in 7.5% NaOH; 11) 95%ethyl alcohol, All the reagents used 
from the time of benzidine sulfate precipitation on, especially the HNO, and HCl, must be checked for the 


a 
absence of sulfuric acid, 
‘ Ashing of Organic Materials. Ashing of the materials (dry protein - 10 mg, glutathione or a 
! lipoid extract from 1 g of brain) are carried out in pyrex test tubes, measuring 1.5 x 16 cm, with drawn-out . 5 
; lips. There are added in order 0,06 - 0.07 ml 40% copper nitrate, 0.9 ml concentrated HNOs, and 0,3 ml 60% a 


HC10,4 after which the mixture is heated on a steam bath of special construction (Figure 1). 


The bath consists of an electric plate with a double spiral element and an asbestos plate, and, to strengthen 
it, a full metal cylinder with double walls between which is placed asbestos. The cylinder is covered on top 
by a double metal cover with an asbestos strip and holes cut for test tubes. Three stages of heat can be obtained 
through the use of a spiral switch, For attachment of the test tubes and to change the degree of their immersion 
in the bath, a disc with holes is used which can easily be lowered and raised to the necessary height. 


At the beginning the test tubes are immersed in the bath to one-quarter their length and in an hour the 
temperature is raised to 200-220°, at which temperature the mixture is heated for 4 hours, The temperature 
of the bath is then increased to 250° and the test tubes are immersed more deeply (to three-quarters of their 
length). When the contents of the test tube are almost dry (when only a drop of liquid remains) after cooling 
there are added 0.3 ml concentrated HCl and 0,9 ml of a mixture of HNO, and HC1O, (3:1). 


The test tubes are immersed to 1/ 4 of their length in the bath and are heated for 4 hours at a temperature 
of 250-260; they are then immersed almost fully and heated to 280°; The contents of the test tubes dry out 
and become black. The drying of the contents of the test tubes must be carried to that point where blue stains, 
due to remains of HNOs, disappear from the residue, The presence of nitric acid has an unfavorable influence 
on the precipitation of benzidine sulfate. 


In cooling the test tubes, so as to convert the copper into soluble form, 0,3 ml 3N HCl is added, The 
contents of the test tube are dried to the complete disappearance of HCl at a temperature of about 140°, The 
residue is dissolved in 2,5 — 3 ml 10% trichloracetic acid. 


Precipitation of Sulfuric Acid with Benzidine. Ina centrifuge tube 9 x 1.8 cm are 
mixed 2 ml trichloracetic acid solution of the residue after ashing and 5 ml 1%benzidine, The contents are 


carefully mixed. The test tubes are stoppered and left overnight at 0 (approximately 12 hours), Precipitation 
on ice and bubbling of air through the solution aids in coagulation of the precipitate. The benzidine sulfate 
precipitate is separated by centrifugation (in closed test tubes) at 3000 — 4000 rpm for 15 min, 


In testing the Dodgson and Spencer method on standard solutions of potassium sulfate, it was noted 
the precipitate of benzidine sulfate 1s difficult to separate by centrifugation, especially after washing with 
alcohol, The addition of powdered glass (as recommended by the authors) did not eliminate the loss of ben- 
zidine sulfate. This difficulty was overcome by centrifuging the stoppered test tubes. Apparently the con- 
siderable evaporation of alcohol during centrifugation of the sample had an unfavorable influence on the 
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precipitation of benzidine sulfate. 


The centrifugate is decanted and the in- 
verted test tube is placed in a rack over filter 
paper. After 5-10 min, the outer edge of the 
test tube is wiped off with cotton and rinsed 
first with acetone and after 1-2 min, with alcohol 
(the test tube remaining in the inverted position). 
After 5 min., the test tube lip is wiped off with 
filter paper and the benzidine sulfate precipitate 
washed with 8 ml alcohol, In this process the 
precipitate must first be carefully rubbed up with 
a glass rod with 2-3 drops of alcohol, and then 
5-6 ml alcohol are added, the rod being washed 
with the remaining alcohol. The test tube is 
stoppered and centrifuged for 15 min. The pre- 
cipitate is once again washed with 5 ml alcohol, 
with the same subsequent treatment of the test 
tube, 


Very occasionally at the end of the last centri- 

fugation there may be observed scarcely notice- 

able particles of nonprecipitated sediment in 
Figure 1, Steam bath for ashing of sulfur-containing the supernatant liquid. In such cases the closed 
substances: 1— plate; 2-— hollow cylinder; 3- test tube should be shaken, some drops of an 
double metallic cover; 4-— metallic disc, supporting alcoholic suspension of glass added (in such a 
test tubes; 5 — rod a, attached to cover 3, and rod case there will be noted a cloud of glass dust at 
b, attached to disc 4; 6 — screw (by loosening, rod b the meniscus) and the test tube centrifuged an- 
can be moved lengthwise along rod a, which makes other 5 min, The addition of powdered glass 
it possible to change the degree of immersion of the before centrifugation is less effective, since the 
test tubes in the bath); 7— test tubes with drawn-out glass settles more quickly than the benzidine 
lips (1.5 x 16 cm), length of lip 1.5 cm, sulfate, 


The washed benzidine sulfate precipitate is dissolved in 1.5 ml 1N HCl. 0.4 ml is used for colorimetric 
analysis of sulfur and 0,8 ml for determination of its activity. 


As already noted above, the benzidine sulfate precipitate was washed twice with alcohol, Dodgson and 
Spencer maintain that the second washing is inadvisable, since it involves a significant loss of sulfur. In 
precipitating the sulfur of ashed radioactive methionine and then determining the activity of the washed liquids 
(Table 1, experiments 5-10), we concluded that the second washing of the precipitate did not involve any 
significant loss of sulfur, As a rule the centrifugate after the second washing of the precipitate contains hardly 
any benzidine, but in some cases it is noted, Accordingly, a second washing is advisable. 


Without the addition of powdered glass during the second washing of the precipitate, the loss of sulfur 
is somewhat greater (experiments 1-4) than with addition (experiments 5-10), 


Colorimetric Determination of Sulfur. To 0,4 ml solution of benzidine sulfate in HCl in 
the test tube are added 2.6 ml 1 N HCl and 1 ml 0.1% sodium nitrite and the contents are mixed. 


Upon the addition of 5 ml of thymol solution there immediately develops a bright red coloration which 
remains unchanged for a long time. Maximum absorption of the color of the solution is observed upon using 
a blue-green filter S-50; however, for the present work, it was more convenient to use the green filter S-53, 
The quantity of sulfur is calculated from the curve obtained by precipitation of standard solution of potassium 
sulfate under the same conditions (Figure 2, 1) or from the direct diazotization of the calculated quantity of 
benzidine (Figure 2,2). The first curve makes possible the calculation of the loss of sulfur in washing the 
precipitate of benzidine sulfate, For the determination of specific activity of sulfur, when it is necessary to 
know the quantity of benzidine sulfate taken for the measurement of activity, it is preferable to use the curve 
obtained in tests with diazotized benzidine. 
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TABLE 1 


Loss of Sulfur During Benzidine Sulfate Precipitation and During Washing of the Pre- 
cipitate with Alcohol 


Sethbenkie Activity of the centrifugate 


2 3 
First washing =| Second washing 


In | %of ori-} In %oof ori-| In %oof ori- 
ginal | pulses/| ginal /| ginal 
Pumin, | Jactivity | min, | activity]! | tivity 


Experiment 
number 


1 100} 12000 28 0.2 80 0.66 318 2.6 3 46 
2 - » 21 0.17 100 0.83 320 2.7 3.7 

3 . » 25 0.21 75 0.62 314 2.6 3.43 
4 * » 35 0.3 91 0.76 300 2.5 3.29 
5 50 4000 0 0 15 0.5 24 0.6 1 

6 » . 0 0 20 0.5 20 0.5 1 

7 Ps 6 0 0 20 0.5 30 0.75 1.25 
0 0 27 0.5 25 0.6 1.1 

9 ° 1000 0 0 10 1 7 0.7 ‘7 

10 ss 1000 0 0 5 0.5 9 0.9 1.4 


Remarks, In tests 5-10, an alcoholic suspension of glass was added during the 
third centrifugation, 


1 Accuracy of the Method and 
é Reproducibility of Data. 


In determination of sulfur in solutions of 


” crystalline methionine by the described method, 
a7 from 95 to 97% of the methionine sulfur taken 

a was found, About 2% sulfur is lost in washing the 
benzidine sulfate precipitate and about 2% in 

as methionine ashing. 

ay 


Representative data of some tests are given 
43 in Table 2(in all, there were 24 experiments) in 
which the sulfur content was determined in the 


- dry protein precipitate of rat cerebrum, The 
aI protein precipitate was carefully freed of lipoids 
by treatment with alcohol, and mixtures of 
oD 0 © 0 & alcohol with ether and acetone. 
As seen from Table 2 in various protein 
Figure 2, Calibration curve for photometric deter- preparations there was determined from 92 to 
mination of sulfuric acid: 1-— obtained by diazotizing 105 yg of sulfur per 10 mg protein, which cor- 
benzidine; 2~— obtained by precipitation of K,SO,. responds to about 105 mg per 100 g of moist 


brain tissue. There was very good concordance 
of results in check determinations, Our results for protein sulfur are lower than those obtained by Gaitonde 
and Richter [10], but higher than those cited by Koch [11]. 


The described method makes possible the determination of quantities of sulfur of 10 yg and higher with 
an error not over 5% the error always being on the low side, Following completion of our work, Gaitonde and 


Richter [10]describeda method for determination of sulfur which made possible the analysis of 50 yg of sulfur 
and more. 


The ashing used by the authors is similar to that described by us, and according to their data there is 
complete oxidation of methionine sulfur, Determination of the sulfates formed was carried out by 
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TABLE 2 


Sulfur Content in Rat Cerebrum Protein in yg per 10 mg Dry Protein 


Check deter Test number 


mination 


microtitration, 
Among the advantages of our method can be cited the following: 


1. The separation of sulfur in the form of benzidine sulfate makes possible the simultaneous colorimetric 
determination of sulfur and measurement of its activity in the precipitate obtained, 


2. Determination of sulfur is possible in small quantities of organic materials (for example, in 1 mg of 
protein), Evidently, where necessary the method can be utilized for the determination of even smaller 
quantities of sulfur. The quantitative precipitation of sulfuric acid is noted in the presence of 1 ml of trichlor- 
acetic acid containing 1,6 yg of sulfur. 


3. It is possible simultaneously to carry out the analysis of a greater number of samples by the method, 

As in all methods for determination of sulfur, the described procedure is lengthy and requires care in 
conducting the analysis (ashing of the organic materials, centrifugation of the precipitate of benzidine sulfate). 
SUMMARY 


A method has been described for the determination of sulfur content and its specific activity in organic 
materials in quantities corresponding to 10 yg of sulfur and more, 


The method is based on wet ashing of the organic material and subsequent separation of sulfur in the 
form of benzidine sulfate, one part of which is used for the determination of the activity and another for the 
quantitative photometric determination by the method of Dodgson and Spencer [5], 


In conclusion we express profound gratitude to Professor G. E, Vladimirov for his valuable suggestions 


given in the course of this work. 


Received July 9, 1956, 


LITERATURE CITED 


{1] Zolotukhin S, L, The Effect of Soporific Remedies on the Metabolism of Sulfur-Containing Amino 
Acids in Animal Proteins (Experimental Investigations With Labelled s® Methionine), Diss., Moscow, 1952. 


(2] Palladin A, V., and Vertaimer N.,° Doklady Akad, Nauk SSSR 102, 319, 1955, 
[3] 
[4] 
[5] Dodgson K. S., Spencer B., Biochem, J. 55, 486, 1955, 


Forker L, L., Chaikoff I. Z., Tarver H., J. Biol, Chem, 188, 31, 1951. 
Young L., Edson M., McCarterJ.A., Biochem.. J. 44, 179, 1949, 


[6] Pirie N. W., Biochem. J. 26, 2041, 1932. 
(7] Fiske C. H., cited by RonaP., Praktikum der physiologischen Chemie, Berlin, 1929, p. 388, 
[8] Rutenberg C. B., Andrews J. C., J. Biol, Chem, 120, 203, 1937. : 

[9] 
[10] Gaitonde M. K., Richter D., Biochem, J. 59, 690. 1955. 


Folch J., Lees M., J. Biol. Chem, 191, 807, 1951. 


{11] Koch W., Koch M; Z., J. Biol, Chem. 15, 423, 1913; cited by Needham J., Chemical 
Embryology, Cambridge 3, 158, 1951, 


* In Russian, 


152 


I | 19 | 99 | 99 | 95 | 99 02 | 95 | 93 93 | 91 93 105 
I 98 | 93 | 94 | 93 | 95 | 91 | 95 93 | 93 96 99 105 
| 
| 
= 
< a 


THE GLYCEROKINASE OF CLOSTRIDIUM OEDEMATIENS 


G. F. Shemanova and V. A. Blagoveshchensky 


N, F. Gamaleya Inst, Epidemiol, and Microbiol,, Moscow, 


Department of Microbial Biochemistry 


Glycerol is one of the sources of carbon and energy for many microorganisms, However, until now 
there has been very little data as to the mechanism of utilization of glycerol, There are indications that 
one of the first stages of its metabolism involves phosphorylation of dihydroxyacetone, formed from glycerol 
by the action of dehydrase, combined with diphosphopyridinenucleotide (DPN) [1-4]. 


Mickelson and Shideman [5] indicate that the addition of ATP stimulates the oxidation of glycerol to a 
greater degree than does inorganic phosphorus, The authors suggest that glycerol is phosphorylated with sub- 
sequent enzymatic transformation to phosphodihydroxyacetone, But up to the present time there has not been 


any description of the properties of the enzyme responsible for the phosphorylation of glycerol in the presence 
of ATP. 


An a-phosphoglyceroldehydrase has been prepared from rabbit muscle which requires DPN; it is found 


in yeast and animal tissues bound with cytochromedehydrase [6, 7]. Only the glyceroldehydrase has been 
reported in microrganisms, 


In the present work we attempted to clarify the metabolism of glycerol by Cl. oedematiens — one of the 
stimulators of gaseous gangrene, an anaerobe which possesses the property of intense fermentation of glycerol -- 
and also to describe the property of the enzyme responsible for glycerol phosphorylation, 


EXPERIMENTAL 


An 18-hour culture of Cl, oedematiens type A, species 794, grown on a casein medium with the addition 
of 0,5% glycerol was ground with glass powder and suspended in a veronal buffer in the proportion of 1:10. 
The test samples consisted of: glycerol — 0,03 M, ATP~ 0.02 M. The samples were incubated for 60 min. at 
37. The pH of the test samples, excluding those where the optimum pH was established, was 7.0, The 
control samples without the bacterial suspension were held in a thermostat together with the test samples , 


and after incubation there was added to them an equal volume of 10% CC1gCOOH and then the bacterial 
suspension, 


The enzyme activity was determined by the loss of ATP phosphorus after 7 min, In a series of experi- 


ments the fractional determination of acid-soluble phosphorus compounds was carried out by the modified method 
described by Meshkova and Aleksakhina [8]. 


The inorganic phosphorus was determined by the Fiske-Subbarow method; the fructose diphosphate and 
fructose-6-phosphate by a color reaction with resorcin; glucose-1-phosphate.(after a 7 min, hydrolysis in 1 N 
HCl), glucose-6-phosphate and fructose-6- phosphate (after hydrolysis in 0,2 N NaOH), ATP and ADP, all by 
the color reaction with orcine. The phosphoglyceric acid and phosphoglycerol were calculated from the 


difference between total phosphorus and the sum of the determined phosphorus compounds of the respective 
fractions [8]. 


In preliminary experiments a significant loss of easily hydrolyzed ATP phosphorus (P7) was found, 
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Taking into account the presence of active pyrophosphatase in the Cl, oedematiens suspension, it can be 
assumed that inorganic phosphorus cleaved from ATP took part in the reaction, 


In Table 1 are given data as to the phosphorylation of glycerol obtained by the exclusion in the test 


samples of one or another component, 


TABLE 1 


Phosphorylation of Glycerol Suspensions by Cl, 
oedematiens 


Vv 
Ga 
1 Glycerol, ATP, bacterial 
suspension 807 | 458 
2 Glycerol, ATP , 1064 | 224 
4 ATP, bacterial suspension 
P 1140 | 476 
4 | Glycerol, bacterial 
5 suspension 442-4482 


Glycerol, ATP, boiled 


bacterial suspension 1057 | 234 


In comparing the data obtained in 
analysis of samples 1 and 3 it can be seen that 
the quantity of pyrophosphate phosphorus split 
off in the samples with and without glycerol is 
identical. Evidently the considerable loss of 
phosphorus in the first sample can be explained 


by phosphate transfer from ATP to glycerol. The 


enzymatic nature of this phenomenon is evident 
by comparison of samples 1 and 5, with the - 
addition to the latter of a previously boiled sus- 
pension, 


The data obtained permit the assumption 
that the Cl, oedematiens suspension contains the 
enzyme glycerokinase, which catalyzes the 
phosphorylation of glycerol at the expense of 
ATP. 


In further experiments we determined the 
optimum pH of glycerokinase. 


From Table 2 it follows that the optimum range is between pH 6,9-7.1, although the enzyme still shows 


activity over a comparatively wide pH range. 


TABLE 2 


Substrate loss 


4.70 84 
5.00 168 
5.80 210 
6.00 222 
6,40 228 
6.75 240 


Optimum pH for Cl, oedematiens Glycerokinase 
(Glycerokinase Activity Determined by Substrate Loss) 


The effect of several metals and also of fluoride on glycerokinase activity is shown in Table 3. From 


Substrate loss 


6.90 240 26.6 
7.00 276 30,6 
7.10 240 26.6 
7.20 210 23.3 
7.30 192 21.3 
7.90 180 20.0 


the results it follows that the ions Ni**, Co*+, Mg** activate glycerokinase in about the same degree, Mn** 
insignificantly; Ca** and Zn** strongly depress its activity; NaF in an 0,1 M concentration does not show 
any inhibiting effect on the enzyme activity. However, with the addition to the test samples of Mg** ions, 
a depressant effect of fluoride was noted, It can be assumed that in this instance as in the case of enolase 
there occurs the formation of a complex binding Mg** (magnesium fluorphosphate) and by this very means 
removing its activating effect. Confirmation of this assumption can be established in tests with a constant 
level of NaF and Mg** and various amounts of inorganic phosphorus, The latter was obtained by increasing 
the ATP concentration, taking into account the presence in the suspension of strong pyrophosphatase, 


From Table 4 it is evident that an increase in the ATP concentration, and by this very fact an increase 
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is correct, 


TABLE 3 


Influence of Metal ions and NaF on Cl, 
oedematiens Glycerokinase Activity 


Glycerokinase 
Samples with 


added Loss of of 
P7in ug control 
Nit+ 205 150.9 
Cott 201 147.8 
Mgt+ 196 144.1 
Mutt 117 85.8 
Catt 42 30.9 
Zntt+ 27.4 
Control. without 
metals 136 100 
NaF 420 100 
Control without 420 100 
NaF 
TABLE 5 


Glycerokinase Activity of Types A and B 
Cl, oedematiens, Grown on Glucose and 


Glycerol 
Glycerokinase 
activity 
Type medium % sub- 
strate loss 
A | Glucose 84 8.2 
Glycerol 390 36.1 
B_ | Glucose 72 7.0 
Glycerol 354 33.5 


in the inorganic phosphorus, increases the degree of inhibition of the enzyme. Evidently the above assumption 


TABLE 4 


The Effect of NaF on Cl. oedematiens 
Glycerokinase Activity with Different ATP 
Concentrations (in the Presence of 0.02 M Mg**) 


NaF 
loss 
Mg | Hg Inor- | #8 % in- 


P 
ATP | ganic P | | with 
WwW NaF hibition 
10 406 392 322 17,9 
15 469 630 504 20,0 
20 560 812 588 27,6 
25 672 742 770 0 


Oakley et al, [9] indicate that type B 
Cl. oedematiens does not ferment glycerol, In 
this connection it was of interest to compare the 
glycerokinase activity of culture type A, grown on 
glucose and glycerol, and type B, grown on glucose, 
As acontrol, the latter was also inocuiated on 
glycerol, 


From the data in Table 5 it can be concluded 
that the glycerokinase is present in the culture 
grown and transferred only on glucose, Evidently 
glycerokinase is a constitutive enzyme. On the 
other hand it is of interest that Cl, oedematiens 
type B has just as much glycerokinase activity as 
type A. 


The character of the dependence of 


glycerokinase on pH and the degree of phosphorylation 


of glycerol (up to 30% of substrate added) makes 
possible the assumption that the first stage of 


glycerol utilization is its direct phosphorylation and not phosphorylation of dihydroxyacetine, which may 
form under the influence of glycerol dehydrase. This hypothesis was affirmed by the fractional determination 


of phosphate compounds formed during the incubation of suspensions of Cl, oedematiens with glycerol and ATP. 


From Table 6 it can be seen that a significant quantity of the phosphorus comes from phosphoglycerol 
and phosphoglyceric acid, A similar phenomenon was not observed if the fractionation of the phosphate com- 
pounds was carried out on microbial substance grown on glucose. Evidently during growth on glycerol there 


occurs the formation of phosphoglycerol which is converted by enzyme systems into phosphoglyceric acid; the 


causes for the accumulation of the latter were not investigated, At the same time a considerable quantity 
of fructose diphosphate was found, It follows that the transformation of phosphoglycerol is directed not only 
toward the formation of end products of fermentation, but to the synthesis of hexoses not present in nutrient 


media, 


In the category of one of the end products of fermentation was found lactic acid isolated by us in the 


form of the zinc salt, and determined by the reaction with p-oxydiphenol reagent. Its content was 0,2 % in 


the separated zinc acid salt, 
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TABLE 6 SUMMARY 


Fractional Determination of Cl, oedematiens Phos- Active glycerokinase was found in suspen- 
phate Compounds sions of Cl. oedematiens; optimum pH 6.9 - 7.1. 
The enzyme was activated b Nit, Co’”, Mg**, 
Trich- and inhibited slightly by Mn"~ ions and to a con- 
Mg phosphate loracetic [Insoluble —. siderable degree by Zn** and Ca**, Fluoride de- 
ae: fraction} {rac pressed its activity only in the presence of Mg** 
ions. 


Total P 22.00 14,70 4.32 Glycerokinase was found in the cells of type 
Phosphotriose 0.24 r a2 A microorganisms, which fermented glycerol and 
Phosphopyruvic acid 0.06 also in the cells of type B, which were not adapted 
Fructose diphosphate . to glycerol, which made possible the consideration 
of the found enzyme as constitutive, 
Inorganic phosphorus 
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Phosphoglyceric acid . 
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THE LOCALIZATION OF ENZYMES WHICH CATALYZE 
THE SYNTHESIS OF AMINO ACIDS FROM PYRUVIC 
ACID AND AMMONIUM SALTS IN THE LIVER CELLS 


N. N. Berezovskaya 
Laboratory of Physiological Chemistry of the Institute 
for Biological and Medical Chemistry, Medical Acad. 
Sci. USSR, Moscow 


In recent years there has been a broad expansion of studies on localization of enzymes in different 
structural cell elements, Interest in this question is related in the first place to the fact that establishment of 
localization of individual enzyme systems in the cell interior makes possible clarification of the interaction 
between different enzyme systems and determination of the role of individual cell structural elements in 
various metabolic processes, 


It has now been established that transaminases [1,2] and amino acid deaminases [3,4] are localized for 
the most part in the mitochondria. 


As far as localization of processes of synthesis of amino acids from keto acids and ammonium salts are 
concerned, as far as we know the only data in the literature are on the synthesis of glutamic acid from 
ketoglutaric acid with the participation of glutamic dehydrase. According to Hogeboom and Schneider, 

[5] this process is localized in the mitochondria, There was specific interest in the clarification of localiza- 
tion of synthetic processes of amino acids from other keto acids, in particular from pyruvic acid, 


It might be expected that clarification of this question could be of substantial interest also in solution 
of problems on interaction between transamination processes and amimo acid synthesis [6]. On this basis we 
considered it necessary to carry out the appropriate investigations, 


EX PERIMENTAL 


Separation of the structural cell elements of rat liver was carried out by the method of fractional 
centrifugation of the liver homogenate [7]. From a 10% suspension of liver homogenate in 0,44 M sucrose 
solution made up in a phosphate buffer (pH 17.4), the nucleus was precipitated by centrifugation for 10 min, 
at 800 rpm. The mitochondria were precipitated by centrifugation for 10 min, at 12,000 rpm, and finally, 
the microsomes at 18,000 rpm for 1 hour, The fraction reniaining after precipitation of the granules was de- 
signated by us as the centrifugate. All operations are conducted in the cold, and as rapidly as possible. 
The obtained fractions were washed with 0,25 M sucrose solution and then suspended in 0,85% KCI or in 
0.25 M sucrose, made up in a K-phosphate buffer (0,1 M) and incubated with pyruvic acid (100 4M per 
sample) and ammonium carbonate (final concentration 0,02 M). Total volume of the incubated sample, 

3 mi. To the sample was added ATP (0,001 M) and MgCl, (0.0001 M),. The increase in amino acid was 
determined colorimetrically by the color reaction with ninhydrin by the Cocking [8] method and expressed 
in 1M per mg N of the given fraction, 
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RESULTS 


The results given in the tables represent average values ot data from 3-5 tests which were in close 
agreement, 


From Table 1 it can be seen that of all the fractions studied as to amino acid synthesis from pyruvic 
acid and ammonia, this occurs only in the mitochondria, The small activity which was observed in some tests 
also in the nuclear fraction is due apparently to a small contamination of this fraction with the mitochondria. 
The activity of mitochondria with regard to amino acid synthesis from pyruvic acid was, however, shown to be 
low. If it is compared with the activity of the original homogenate, it coiprises on the average no more than 
30 % of the activity. This made possible the assumption that in separation of the mitochondria from the homo- 
genate, some co-factor or stimulator of the process of amino acid synthesis was cither lost or passed over into 
other fractions, Since no increase in amino acid synthesis was noted in those samples in which pyruvic acid 
was incubated with combined mitochondria and microsome fractions, and centrifugate and mitochondria, it 
was necessary in order to clarify this question to investigate the activity upon addition of the nuclear fraction 
to the mitochondria. 


TABLE 1 


Localization of the Process of Amino 
Acid Synthesis from Pyruvic Acid and 
Ammonium Carbonate 


TABLE 2 


Influence of Nuclear Fraction on Amino 
Acid Synthesis from Pyruvic Acid in the 
Mitochondria 


mino nitrogen 
increase in pM Increase 
IN — NH, in uM 
In %in- 
Per As. of 
mg | original 
homogenate 


Fraction Per |In of 


g increase, of 
homdgenate 


B 

Fraction Zz 


per sample 


Homogenate 

Nucleus 

Mitochondria Homogenate 
Microsome Mitochondria 
Centrifugate Nucleus 


Mitochondria + ‘ Mitochondria + 
microsome nucleus 


Mitochondria + Purified nucleus 


__centrifugate Mitochondria + 
* Calculated per 1 g tissue this corresponds purified nucleus 


to ~ 55 pM. 


The data in Table 2 show that with the addition of nuclear fraction to the mitochondria the synthetic 
intensity increased and reached 60% of the original homogenate intensity, i.e., was twice as high as in the 
samples with the mitochondria alone, 


It was of interest to ascertain whether the nucleus preserved its stimulatory effect after purification 
from contamination with mitochondria and when it was undestroyed during homogenization of the cells. To 
obtain the purified nucleus we made use of the method described by Hogeboom, Schneider and Striebich [9]. 
According to their data the nucleus obtained by this method contains less than 0,5% mitochondria and less 
than 1% of undestroyed cells, From the data in Table 2 it can be seen that purification of the nuclear 
fraction had no influence on its stimulating synthetic effect. 


The nature of the factor contained in the nucleus stimulating amination of pyruvic acid has not as yet 
been finally clarified by us. According to previous data this factor is thermolabile, but preserves its 
activity after disintegration of the nucleus by homogenization in 0.85% NaCl for 10 min, The stimulating 
effect of the nucleus may possibly not be due to the presence in it of a specific factor, but be an expression 
of the stabilizing influence of the nucleus or products of its decomposition on the mitochondria, The latter 
assumption is affirmed to a known degree by the data of Stern and Timonen [10], who found that the nucleus 
shows a stimulating effect on the oxidative phosphorylation in the mitochondria of liver cells, from which 
the authors suggest that the presence of the nucleus depends upon the greater duration of the life of the 
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isolated mitochondria. 


obtained, 


TABLE 3 


Amino Acid Synthesis from Pyruvic 
Acid in the Mitochondria Precipitated 
Together with the Nucleus and in the 
"Reconstituted" Homogenate 


Increase N — 


zo in uM 
bo 
Fraction E % activity 

m of original 
Homogenate -| 5,41)0.74 100 

Mitochondria with 
nucleus 4.5|1.64 82 
Centrifugate with 
microsome 3.110 0 
Mitocgndria with 
nucleus + 
centrifugate 


with microsome} 5.8|0.84 101 


homogenate. 


lated to respiration, 


In some of our experiments we did not add the nuclear fraction to the isolated mitochondria, but pre- 
cipitated the mitochondria together with the nucleus and at the same time did not separate the microsome 
from the centrifugate, In this way there was achieved a lesser loss in the fractions and a significant saving 
in time necessary for fractionation, which guaranteed a better preservation of the cytoplasmic fraction 


From the data in Table 3 it can be seen that the activity of the mitochondria precipitated together 
with the nucleus attained 80% of the activity of the original homogenate, i.e., was noticeably higher than the 
activity of the isolated mitochondria to which were added the nuclear fraction, 


TABLE 4 


Effect of Time of Incubation on 
Synthesis of Amino Acids in the 
Mitochondria, 
Increase in N — NH2Expressed in 
uM per mg N. 


Time of incubation 


Thirt 
mer | One hr. | Two hrs, 
0.62 2.4 2.3 
0.52 18 1.8 
0.9 1.3 1.2 


The activity of the fraction containing the micro- 
some and centrifugate, as might be expected, was in- 
dicated to be nil. From the same table it can be seen 
that the activity of the samples containing both these 
fractions in a quantity proportional to their quantity in 


the whole nomogenate ("reconstituted" homogenate) was 101% i.e., achieved the activity of the original 


In subsequent work we studied the effect of several factors on synthesis of amino acids in the mitochon- 
dria and also in the homogenate. In studying the effect of the time of incubation on this process (Table 4) 
it appeared that the increase in amino nitrogen in the mitochondria continues for 1 hour, and then ceases. 
This period is quite long and indicates the considerable stability of the enzyme system studied, 


Addition of ATP and MgCl, to the mitochondria of the homogenate did not have any stimulatory 
effect, and in the homogenate occasionally even brought forth a lesser increase in the amino nitrogen 
(Table 5), However, addition of ATP to the mitochondria evidently stabilizes the latter, since the synthesis 
in samples containing ATP, while no greater than in samples without ATP, is more regular. This is in full 
agreement with the findings of a number of authors who observed that in the absence of ATP the mitochondria 
swell more quickly and disintegrate. Investigations of the effect of aerobic and anaerobic conditions (Table 6) 
showed that amino acid synthesis proceeds with the same degree of intensity in the absence or in the presence 
of O,. This confirms prior data of Neber, indicating that the process of reduced amination is not directly re- 
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TABLE 5 


Effect of ATP and MgCl, on 
Amino Acid Synthesis in the Homo- 
genate and in the Mitochondria, 
Increase in N — NHg Expressed as 
uM per mg N. 


Without 
3 ATP +M 
Fraction 1 


1 


Homogenate 


0 
Mitochondria} 14 
2: 


5 
3 


TABLE 7 


Influence of pH on Amino Acid 
Synthesis in the Homogenate and 
Mitochondria, 

Increase in in M per mg N. 


Fraction 


Homogenate | 9.43 0.93 0.59 
Mitochondria} 1.4 2.3 0.82 


TABLE 6 


E ffect of Aerobic and Anaerobic 
Conditions on Amino Acid 
Synthesis in the Homogenate and 
Mitochondria. 

Increase in Expressed as 
uM per mg N, 


| 
Fraction | Os 


Homogenate 


Mitochondria 
3.0 
From the data in Table 7 it can be seen that the 
optimum pH for the process is 7,4, With displacement 
of the pH to the acid (6.8) or alkaline (7.8) side, the 
increase in amino nitrogen is decreased by half in the 
homogenate as well in the mitochondria. 


DISCUSSION OF RESULTS 


The above data as to the localization of the process of amino acid synthesis from pyruvic acid shows 
that this process as well as the synthesis of ketoglutaric acid and also transamination and deamination of most 
amino acids occurs in the mitochondria, This circumstance once again emphasizes the close relationship 
among the major processes of amino acid metabolism, As to whether the process proceeds in the mitochondria 
as a direct amination of pyruvic acid or whether it is accomplished exclusively by transamination, as was 
suggested by Braunshtein [11], this question cannot be resolved from our investigation, It is possible that this 
question can be clarified by the studies of the influence of different factors on the mitochondria in intensifica- 
tion of transamination processes and synthetic processes starting with pyruvic acid. These studies are being 


carried out by us at the present time, 


SUMMARY 


The site of the synthesis of amino acids from pyruvic acid and ammonium salts in the liver cells of rats 
was located in their mitochondria. The liver nuclei contained a factor which stimulated the process of 
synthesis of amino acids in the mitochondria. The process of amino acid synthesis continued for one hour in 
the isolated mitochondria. ATP exerted no stimulating effect on the process of amino acid synthesis; it did, 
however, protect the mitochondria from breaking up too rapidly. 


The process of amino acid synthesis is not directly connected with the process of respiration, since its 
intensity is of the same order under aerobic and anaerobic conditions, A pH of 7.4 was found to be optimal 
for the synthesis of the amino acids in the mitochondria. 
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THE INHIBITING EFFECT OF a-METHYL-DL-ASPARTIC 
ACID ON THE ORNITHINE CYCLE OF UREA FORMATION 


A.E. Braunshtein, I.S. Severina, and Yu. E. Babskaya 
Laboratory of Nitrogenous Substance Metabolism, Inst. Biol. and 


Med, Chem,, Acad. Med. Sci, USSR, Moscow 


It has recently been established that a-methyl derivatives of ~-amino acids act as antimetabolites on 
the corresponding nonsubstituted amino acids and in a number of cases inhibit their enzymatic transformation, 
as for example —decarboxylation of 2,4-dihydroxyphenylalanine and glutamic acid, hydrolysis of glutamine, 
transamination reactions, etc, [1-4]. 


Klyuge [5] of our laboratory, studying the formation of urea from amino acids (and ammonia), observed 
that a-methyl-DL-aspartic acid (methyl-AS) depresses the synthesis of urea from citrulline (CTR) and also 
in all the N donors studied in liver homogenate; this effect was utilized in clarification of the mechanism of 
the transformation in question, 


It appears likely that the effect of methyl-AS depends upon inhibition of formation of argininosuccinic 
acid (ASA) from L-aspartic acid (AS) and CTR in the second phase of the ornithine cycle, From Klyuge's [5] 
data, this reaction is in accordance with Ratner's [6] theory as to the necessity of an intermediate link in nit- 
rogen utilization of all amino acids and ammonia for CTR transformation into arginine (and into urea). 


The purpose of the present work was a more detailed study of the effect of methyl-AS on the enzymatic 
transformation related to the formation of urea in the liver. 


EXPERIMENTAL 
Experimental Set-up and Analytical Methods 


The effect of methyl-AS on respiration of rat liver slices and formation in them of urea from ammonia 
salts was studied; also, on transformation of ornithine into CTR in washed remains of liver homogenate; on 
formation in the homogenate of urea from arginine (effect of arginase), from ASA and from AS and CTR, 


Depending on the purpose of the tests determination was made of ammonia (isothermic diffusion in 
Conway cups with subsequent titration or nesslerization), of urea (by the same method after addition of 
urease), and of citrulline photometrically by the method using diacetylmonoxime according to the method 
of Archibald [7]. CTR is determined in a separate portion of the deproteinated filtrate after destruction of 
the urease, bythe red color which it gives in the Archibald method, after correction for the citrulline content 
in the urease solution, In other tests the carbon dioxide utilization was measured (by the Warburg method). 


Samples Used: The DL-ornithine and DL-citrulline were synthesized in the laboratory of our 
institute, Methyl-AS [1] and a-methyl-DL-a- glutamic acid and q-methylalanine [1], L-aspartic acid 
(from L-asparagine) and q-ketoglutaric acid (a@-KG) and the diacetylmonoxime were prepared in our 
laboratory. 


The argininosuccinic acid (ASA) was obtained by one of the authors (Severina) by condensation of 
L-arginine with fumaric acid through the use of an enzyme extract from pea flour according to the method ot 
Davison and Elliott [8] and prepared in the form of a Ba salt according to the description of Ratner and co- 
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admixture 


workers [9]; fractionation was carried out by controlled paper chromatography [8]. 


For the tests ASA Ba salt was dissolved in the minimal quantity of water and transformed to the K salt 
through use of H,SQ,. The purity of the ASA preparations was assayed by measuring the maximum quantity 
of urea formed from them by liver homogenates (in 2-3 hour incubation), It comprised, for 2 preparations, 
35 and 39 % of the theoretical ASA content. The basic mixture consists of a Ba salt of fumaric acid and 
glutamic acid (from pea flour) which under the test conditions (in the absence of CTR) has no effect on the 
quantity of urea formed from the homogenate, 


RESULTS 


1. Influence of Methyl-AS on Cell Respiration 


The transformations omithine —> CTR and CTR — arginine in the process of urea synthesis are related 
to a loss of energy which serves as the source of cell respiration, Therefore it was necessary first of all to 
ascertain whether the methyl-AS added in the concentrations for urea synthesis had an inhibitory effect on 
liver cell respiration, 


The utilization of carbon dioxide by liver slices (~ 100 mg of fresh tissue) was studied in a ringerphos- 
phate buffer (2 ml) by incubation in a Warburg manometer in an O, atmosphere without admixture and with 
the addition of methyl-AS (0,033 M) or L-AS (0,033 M). 


As can be seen from Table 1, the methyl-AS does not inhibit respiration of liver slices. The small 
increase in O, utilization in samples with methyl-AS is scarcely outside the limits of error of the method, 
which is a accord with the inertness of a-methylamino acid in metabolic processes. L-AS, which according 
to the literature is a weak respiratory substrate, gave a significant increase in O, utilization.in one of the two 
tests, 


We did not investigate the direct effect of methyl-AS on the effectiveness of respiratory phosphorylation 
in liver tissue. However, indirect evidence that methyl-AS does not disturb the respiratory resynthesis of 
ATP indicate that it does not inhibit the first phase of the ornithine cycle (see below). 


TABLE 1 2. Influence of Methyl-AS on Urea 
: Synthesis in Liver Slices 
Influence of Methyl-AS on Liver Slice 


Respiration, It was of interest to compare the effect of 
Quantity of Methyl-AS and L-AS— methyl-AS on formation of urea from CTR and various 
0,033 M; Oy, Utilization Expressed in amimo acids in liver homogenates [5] with its effect 
pl per 100 mg Tissue for 1 Hr, I- VI on the ornithine cycle as a whole, that is, on urea 
Manometer Number, synthesis from ammonia in undamaged liver cells. 


Without i Rat liver slices (300 or 500 mg) were incubated 


with a Krebs-Ringer bicarbonate solution (6-7 ml), con- 
taining NH,Cl (0,01 M) ‘and the other substrates, for 2 
hours at 38°, For stimulation of urea synthesis there was 
usually added DL-ornithine (0.01 M). In the initial ex- 
periments Na~-pyruvate (0,02 M) and fumarate (0.005 M) 
served as the respiratory substrates, and glucose (100 ml 
per sample) in the presence of which urea formation is considerably higher, was used in subsequent ones. 


On the assumption that methyl-AS can produce an increase in CTR as a product of incomplete urea 
synthesis, CTR was determined in the incubated samples for some of the tests (along with the measurement of 
ammonia and urea content), 


The extent of the ammonia loss is nonspecific (since part of it is expended in amino acid synthesis) 
and this is not shown in the tables. 


The data in Table 2 show that methyl-AS (0.03 M, or 200 micromols per sample) inhibits urea 
synthesis with ammonia in the presence of ornithine to the extent of 45 - 69 % the degree of inhibition was 
lower in the single experiment with CTR (7 c) and considerably higher (from 84 - 100% in tests with only 
ammonium chloride, 
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TABLE 2 


E ffect of Methyl-AS (0.03 M) on Urea Synthesis in Liver Slices, 
300 mg Slices; Incubated 2 Hrs, (in Tests 6 and 7 3 Hrs.) 


AN urea in 


Nitrogen substrate Respiratory sub- 


Test 
numb 


strate 


Inhibition 


1 | NH,Cl 

2 | NH,C1; Ornithine 
NH,C1; Ornithine 
5 


NH,C1; Ornithine 
NH,C1; Ornithine 
H,Cl 


6b| NH,Cl; Ornithine 
NH,Cl 


7b| NH,Cl; 
‘7c | NH,CI;CTR 


Glucose 


The relationship of inhibition of urea synthesis to the concentration of methyl-AS and the influence of 
the latter on the quantity of CTR which accumulates in liver slices in the presence of ammonia and ornithine 
were followed in tests, the results of which are shown in Table 3, In the same table is included Experiment 2, 
confirming that a«-methyl-DL-glutamic acid (methyl-GA) and a-methyl-alanine, in contrast to 
methyl-AS, has practically no inhibitory effect on urea synthesis (see [5]). 


Experiment 1 (Table 3) indicates that urea synthesis from NH,Cl and ornithine is almost completely 
inhibited in the presence of 0.06 M methyl-AS, and about half at an inhibitor concentration somewhat lower 
than 0,03 M, In these tests with samples with methyl-AS there was a considerable increase in accumulation 
of CTR; however the increase in CTR does not parallel the decrease in urea synthesis and only covers up the 
greater deficit of the latter. 


TABLE 3 


Effect of Methyl-AS in Various Concentrations on the For- 
mation of Urea and CTR from NH,Cl (in the Presence of 
Ornithine) in Liver Slices. 

300 mg Tissue; Incubated 3 hours. 


_ AN urea 


uM per | % in- 
gtissue |hibition 


9| Concentration of alpha-methyl 
amino acid 


la | — Control 0.9 85 _ 
b | 0,008 MMethyl-AS 1.4 62 (?) 27 (?) 
c | 0,015 M 2:4 65 24 
d| 0,03 M 1.3 35 59 
e| 0,06 M 1.4 10.8 87.3 
2a| — Control 110 
b| 0,03 M Methyl-AS _ 47.7 57 
c| 0,03 M Methyl-GA _ 95 13 
d! 0,03 M Methyl-AL _ 105 4 


tissue ; 
jimethyl- 
+ m ethyl AS 
Pyruvate + fumarate 49 9 0 100 
28.5 | 410.5 63 
37.5 | 45 60 4 
: 48 27 44 
66 36 4 a 
12.5 0 100 a 
112.5 | 35 69 
‘ 55 7.5 84 
85 42.5 50 
105 77.5 24 
| 
ae 
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3. Influence of Methyl-AS on CTR Synthesis in the First Phase of the 
Ornithine Cycle 


In order to establish the reason for the low accumulation of CTR as inhibited by methyl-AS during urea 
synthesis in liver slices (in the presence of ornithine), the influence of methyl-AS on the first phase of the 
ornithine cycle was studied. 


The tests were established according to the conditions of Cohen and Hayano [10] with minor modifi - 
cations, Two g of rat liver was homogenized 3-4 min. (with cooling) in 8 ml isotonic KCl, containing 
0.006 M Na-ethylenediaminetetracetate (EDTA), centrifuged 10 min, at 25 rpm, the sediment suspended in 
KC] solution without EDTA, filtered off from scraps of tissue through gauze, recentrifuged 10 min. and the 
residue again washed, 


The washed insoluble fraction of the homogenate (" washed residue") was suspended in 8 ml isotonic 
E KCl and 0,7 ml was measured into each sample, The samples were made up to 3,5 ml with the necessary 
additions, the final concentration of which were: 


K-phosphate buffer (pH 7.15) 0.017 M DL-ornithine * HCl 0.0033 M 
NaHCOgs 0,008 M L-glutamic acid 0,033 M 
MgSO, 0,010 M ATP 0.002 M 
NH,Cl 0.007 M a-methyl amino acid 9,015-0,06 M 


_ KCl — up to an isotonic concentration of the suspension medium 


The test and control samples (without inhibitor) were incubated 2 hrs, at 38° in an atmosphere of 95% 
O, + 5% CO,, fixed with trichloracetic acid, and the increase of CTR in the filtrate was determined by com- 
parison with the original content in the tissue, 


4 The results of several tests, as shown in Table 4, indicate first that the washed residue of the liver 

: homogenate under the conditions of our tests converts ornithine into CTR satisfactorily and with good reprod- 
ucibility of activity, and second that neither methyl-AS (0,015 - 0.06 M), nor a-methyl glutamic acid, 

nor methyl-alanine (0,03 M) inhibits its transformation, j 


Thus, the first phase of the ornithine cycle of urea formation is not disturbed by means of methyl-AS. 


TABLE 4 4. Effect of Methyl-AS on Arginine 
omposition by Liver Arginase 

Effect of ~-Methyl Amino Acids on the Formation 

of CTR from Ornithine by "Washed Residue" Liver The test conditions were selected so that during the 

Homogenate, time of incubation with the arginase of a liver homo- 

For Test Conditions, See Text genate, not more than 10-15% of the added arginine was 

Mg A 

3& Inhibitor TR A dilute rat liver homogenate was prepared in K- 

per 


phosphate buffer (pH 7.4; 0,15 M), Samples containing 


sample 
a homogenate in dilution of 1:200 and L-arginine 


1 = 0.93 (100 micromols of the monochlorhydrate) in a total 
2 _ 0.98 volume of 2 ml was incubated 20 min, at 38° (in a water 
4 eh Control oa bath), and the increase in urea was determined in the de- 
b | Methyl-AS0.015 M 1.07 proteinated filtrate. 

c a 1.03 

d ( «= Ca 1.02 As can be seen from the values given below, 

° Methyl-A 50.03 M Control a methyl- AS even in high concentration (0,15 M) has no 

. Methyl-A 0.03 M 1.04 effect on liver arginase activity: 

d|  Methyl-Gd-03 M 0.98 
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Mg A urea, in uM 


Control With 0.05 M methyl-AS 
11,9 


Test 1 11,5 


Test 2 13,3 12.6 


5. Influence of Methyl-AS on Decomposition of Argininosuccinic Acid in Liver 
Homogenate 


In the following test series the influence of methyl-AS on urea formation from ASA in liver homogenates 


was studied, This transformation occurs through the action of the “cleaving enzyme" of Ratner [9] on 
arginase in the following way: 


(1) ASA = arginine + fumaric acid 
(2) Arginine + HoO ———® ornithine + urea 


(1+2) ASA + H,O ——ornithine + fumaric acid + urea 


Samples were incubated under the regular conditions followed for the second phase of the ornithine 
cycle (see [5] and the information given) with the addition of all components of the system except CTR and 
the N donor, which were replaced by the ASA preparation (calculated as 15 4M of the pure substance per 
sample); methyl-AS was added to the test sample in the concentration of 0.1 M. The increase in urea was 
determined in the filtrates of the test and control samples after 1 hour of incubation, 


The data shown below were obtained in three tests of this type: 


A urea in pM 


Control With 0,1 M methyl-AS 
124 


Test 1 13.0 


Test 2 10,7 14,0 


Test 3 


13.5 15.5 


These data show that methyl-AS not only does not inhibit, but rather stimulates decomposition of 
ASA inreactions (1+2), completing the second phase of the ornithine cycle. 


6. Characteristic Inhibitory Action of Methyl-AS on Formation of Urea from 


CTR and Aspartic Acid 


The sum total of data indicated above support the assumption that methyl-AS inhibits that reaction of 
the ornithine cycle in which L-aspartic acid directly participates, namely the synthetic reaction of ASA from 
CTR and AS under the influence of the ™ condensing:enzyme” of Ratner and others [8,9]: 


L=AS + CTR + ATP —* HsPQ, + ADP + ASA 


It had to be established whether and to what extent there occurs during inhibition of the second phase 
of the ornithine cycle a concurrent interaction between methyl-AS, on the one hand, and L-AS or other 
substrates which participate in the process under study, on the other. 


To resolve this question we studied the relationship between the degree of inhibition of urea synthesis 
from CTR and L-AS in liver homogenates and the absolute concentration of methyl-AS, and also the relation - 


ship between this inhibition and the concentrations of L-AS, CTR and the respiratory substrate in the incubated 
samples, 


The tests were set up according to the conditions described by Klyuge [5]; the sample volume of 3 ml 
contained 0,5 ml homogenate (1:3) in K-phosphate buffer, ATP (5 pM) and MgSOg (10 pM); CTR, L-AS and 


respiratory substrate (a-keto-glutarate) and also methyl-AS were added in various quantities (see Table 5); 
time of test — 1 hour, 
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The test results (Table 5) show very distinctly that the inhibition of urea formation is determined basically 


by the basic concentration of methyl-AS, and does not depend upon the concentration of L-AS, CTR and the 
respiratory substrate, In other words, the inhibition is of a noncompetitive character, 


It was also found that at one and the same concentration of methyl-AS, the intensity of inhibition was 
somewhat irregular from test to test (and in individual samples), In view of this, and also taking ‘into account 
the available indications [1,3,4,] to the effect that interaction between a-methyl amino acids and the 
enzyme proceeds slowly, additional tests were set up in which methyl-AS was present in one sample in contact 


with the homogenate forsome time before the addition of CTR and AS, and in the other was introduced at the 
same time as CTR and AS (Table 6), 


From Table 6 it can be seen that during preliminary incubation of the homogenate with methyl-AS, the 
degree of inhibition of urea synthesis was significantly increased, attaining in several cases 80-90 % with a 
comparatively low concentration of methyl-AS (200 yM-in 3 ml), 


TABLE 5 


Relationship of Inhibition of the Second Phase of the Ornithine Cycle in the Homogenate 
to the Concentration of the Substrate and Methyl-AS 


Sample Volume 3 ml; Quantity of Added Substance and of Urea Synthesized Expressed in 
uM per sample 


Urea synthesis 
Addition in uM 7 
Alpha- In- 

L-AS | hibition | Control] Test 
acid in % 


8.8 
7.0 
2.0 
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TABLE 6 


Effect of Preliminary Homogenate Incubation with Methyl-AS on the Inhibition of 
Urea Synthesis from CTR and AS 

ATP— 5 uM; MgSOQg-- 10 pM; a-KG— 20 yM; After Pre-incubation and 
Addition of CTR (40 4M) and AS (20 pM) the Samples Were Again Saturated With 
O, and Incubated for Another Hour 


Conditions | 4 audition of 
of preli- 


minary methyl-AS 
incubation (20 0 ul M) 


Urea synthesis 


10-20 min, | Before pre- 


at room 
temperature| Weubation | _ | 9.8 | 29,3] — | 106,22 | — | — | — 


in O, incubation 


5 min, at 38] Before pre~ | 12.6 | 6.9 | 45.2} 65] 41.2] 81.5] 6.9] 0.7] 90 
in an atmos+ incubation 


phere of O, me: Bl 6.9 | 45.2 3.7 | 43.4 4.8 | 30.4 


10 min, at Before re- 10.5 4:7 83.8 12.3 2.7 78.0 5.8 3.3 43.1 : 
38° in an incubation q 
atmosphere | After pre- 9.4);105) — 4.3 | 65.9); — 4.6 | 20.7 
of O, incubation 


DISCUSSION OF RESULTS 


The above-described tests show that a-methyl-AS inhibits both the formation of urea from CTR and 
L-AS in liver homogenates and the entire cycle of urea formation in liver slices. The influence of a- 
methyl-AS is specific: there is not a similar inhibition of a-methyl glutamic acid and a-methyl 

alanine. Methyl-AS does not inhibit the following stages of the ornithine cycle: CTR synthesis from ornithine, 
CO, and NH3; decomposition of argininosuccinic acid and arginase hydrolysis of arginine. Methyl-AS also 
has no influence on processes which are closely related to urea synthesis— on transamination [1], on cellular 
respiration, nor evidently on the related phosphorylation. The sum total of these results (see Table 7) makes 
possible the conclusion that methyl-AS, in view of the similarity of its structure with L-AS, selectively inhibits 
condensation of the latter with CTR into argininosuccinic acid according to Ratner [6,9}: 


NH-CONH, HOOC-CH,-CH(NH,)-COOH 
Gitrulline 


L- AS 
> = NH 
N 


| 
HOOC — CH, — C — COOH 
Argininosuccinic acid 


We did not conduct direct studiesofthis reaction as a result of the technical difficulty involved in ob- 
taining a pure preparation of its “condensation enzyme" [9]. 


- Based on the indicated mechanism of methyl-AS effect, it could be anticipated that its addition to liver 


slices in the presence of NH,Cl and ornithine causes an increase in CTR. It is difficult to explain why this 
effect is only weakly shown in experiments (Table 3), The reason may be related to the ability of liver tissue 
under the conditions of determination to decompose CTR into ornithine, CO,, and NHsg by phosphorolysis [10]. 
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TABLE 7 


Effect ‘of Methyl-AS (0,03 M) on the Ornithine Cycle and Re- 
lated Processes in Liver Tissue 


Process | Buzyme % In- 


investigated system hibition 


Urea synthesis from NHg 


Urea synthesis from CTR and 
AS or other donors (see [5) | 


Liver slices 60—100 
Liver homogenate | 60—100 


Respiration and phosphorylation | Liver slices 0 

Transamination, AL— (see | Aminoferas from <10 

swin heart . 

CTR synthesis from NHg, CO, washed liver mito- 0 
and ornithine chondria 

Decomposition of ASA Liver homogenate 0 

Arginase effect Diluted liver homo 0 


genate 


Inhibition of the second phase of the ornithine cycle under the influence of methyl-AS does not have a 
competitive character and is strengthened under conditions of preliminary incubation of the tissue with methyl- 
AS before the addition of the substrate. This is in accordance with data in the literature as to the character 

of the action of corresponding enzyme systems on other a-methyl-amino acids [1,3,4]. In all the cases 
studied the degree of inhibition increased with an increase in the duration of the preliminary contact of the 
inhibitor with the enzyme and the inhibition quickly became noncompetitive. This :can evidently be ex- 
plained by the fact that a-methyl-amino acids react with enzymes comparatively slowly and form with 
them complexes which are difficult to dissociate. 


SUMMARY 


a-Methyl-DL-aspartic acid (methyl-AS) is a selective inhibitor of urea synthesis in liver slices 
(from NHg) and in liver homogenate (from CTR and L-AS or other N donors), and shows no inhibitory effect 
on formation of CTR from ornithine, CO, and NHs, on decomposition of argininosuccinic acid or on liver 
arginase activity, It also had no effect on the transamination reaction, on cellular respiration, or apparently, 
on respiratory phosphorylation. 


Methyl-AS apparently inhibits the condensation of L-aspartic acid and citrulline into argininosuccinic 
acid by acting as a structural analog andantimetabolite in relation to L-aspartic acid. Inhibition of the 
second phase of the ornithine cycle by means of methyl-AS was basically determined by the concentration 
of methyl-AS and does not depend on the concentration of L-AS, CTR and the respiratory substrate; it is en- 
hanced under the conditions of preliminary contact of methyl-AS with liver homogenate. 
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STUDY OF SERUM PROTEINS IN ONTOGENESIS BY THE 
ELECTROPHORESIS — PRECIPITATION METHOD 


A.E. Gurvich and N.G. Karsaevskaya 
Laboratory of Physiological Chemistry, Inst. Biol, and Med. 
Chem,, Acad, Med. Sci. USSR, Moscow 


Modern fractionation methods (fractionation with alcohol in the cold, ultracentrifugation, and in parti- 
cular, electrophoresis) make possible separation of the blood serum of animals into a series of protein 
fractions and the study of the changes in the ratio of these fractions in various physiological and 
pathological conditions, 


As a result of electrophoretic studies, the changes in serum proteins during ontogenesis established that 
in the embryonic and newborn animals, along with proteins identical according to their electrophoretic 
mobility with the serum proteins of adult animals, there are present embryonic proteins with other mobilities, 
for example, fetuin in ruminants [1] and prealbumin in chick embryo serum [2,3], In the process of develop- 
ment there comes about a disappearance of the embryonic proteins and a constant convergence of the ratio 
between the separate fractions in the embryo and their ratio in the mature organism [4-6]. 


During electrophoretic analysis of the ontogenetic development of white rat sera [7], it was noted that 
in the rat embryogenesis the first of the serum proteins similar in their electrophoretic mobility to the proteins 
of the adult animal were the albumins and* -globulin, but the a y-globulin with a mobility characteristic 
of the mature organism appeared considerably later. In the embryonic serum there are present two embryonic 
fractions; o,-and a,g-globulin, We were not able to establish the presence of y-globulin in the embryonic 
rat serum with sufficient reliability. 


The electrophoretic similarity of the main protein fractions of the embryonic serum with the correspond- 
ing protein fractions of the serum of the adult animal does not, however, indicate their complete identity; in 
particular, there is the question as to the immunological similarity of the indicated fractions, 


There are only a few investigations in the literature [9 - 14] devoted to the changes of the immunolo- 
gical properties of proteins in the ontogenetic process; in none of them were the serum proteins studied, In 
this connection we undertook work in which rat serum protein fractions divided into various embryonic and 
post-embryonic stages were studied by use of an electrophoresis-precipitation method,developed by one of us 


[8]. 


EXPERIMENTAL METHODS 


Separate fractions of serum proteins of adult rats were separated by use of electrophoresis in starch 
blocks (1 x 13 x 30cm), Electrophoresis was conducted in a pH 8.6 veronal-medinal buffer at 440 v for 
48 hours. Upon completion of the electrophoresis, the starch block was cut into fractions and the proteins 
extracted from the starch with a veronal buffer. The purity of the separate protein fractions was checked by 
paper electrophoresis, 


Immunization of adult rabbits was carried out by means of intravenous introduction of increasing 
quantities (1 to 3 mg) of protein 3 times a week for a period of 3-4 weeks. For the immunization there was 


* (Symbol omitted in Russian text - Publisher), 
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used the whole serum of the adult rat or the individual fractions prepared from the serum by the above- 
described means, Blood was taken 6-8 days after the last introduction of the appropriate antigen into the 
animal, The presence in each antiserum of the antibodies and the specific antiserum was carried out by’ 
the use of the ring-precipitation reaction, 


Paper electrophoresis of the rat sera was carried out by the method described by one of us [15] in a 
veronal-medinal pH 8.6 buffer at a gradicnt potential of 6 v/cm on paper strips 3 or 6 cm wide. The 
electrophoregraims were stained with bromphenol blue, Reading of the electrophoregrams was carried out 
with the use of an automatic densitometer (SKB biophysiological apparatus design). Computation of the 
ratios of the fractions was carried out with a planimeter. In calculating the globulin content, coefficients 
were not applied. 


Determination of the protein content in the embryo serum and in the separate fractions was carried out 
by the Folin reaction according to the Lowry [16] method. 


In order to obtain the embryonic sera the pregnant rats were killed by decapitation, the embryos were 
removed from the uterus one by one, and the blood sampled, The blood was removed by a capillary from the 
heart or the umbilical vein, For each test, blood sera was used taken from several embryos of one mother. 


The scrum studied was subjected to electrophoretic separation on paper strips 6 cm wide, after which the 
strips were hung vertically and cut longitudinally into two halves (3 cm each), One of the halves was heated 
to 105° and dyed with bromphenol blue, and the second was slightly air dried and sprayed by an atomizer with 
one of the antisera, obtained by us from rabbits. After spraying, this half was placed in the usual chamber 
for descending chromatography in such a way that one end was lowered into a trough with a veronal buffer 
(pH 9.2) and the other hung down freely. The buffer solution gradually ran down the paper strip and washed off 
all the proteins of the electrophoregram which did not fall into the residue (precipitate) during treatment with 
the antiserum (excluding the small quantity of protein adsorbed on the paper). After a two day washing the 
electrophoregram was removed from the chromatographic chamber, heated to 105°, stained with bromphenol 
blue, and compared with the control half. 


RESULTS 


We studied the serum proteins of adult rats, rats on the fourth day after birth, newbom rats, and embryos 
the day before birth with an embryonic weight of 1.6, 0.78 and 0.49 g, 


Table 1 gives the results of the electrophoretic analysis of the ratios of individual rat serum fractions 
at different stages of embryonic and post-embryonic development. 


TABLE 1 


Change in the Ratios of Individual Rat Serum Protein Fractions During Ontogenesis, 


Relative content of individual protein fractions 


Ontogenesis Globulins 


stage 


to 


Adult rats 


4 days after birth 
New y born 
a 


The day before birth 


Embryos 


Ore 


ooco= 
woos 


772 


As can be scen from these data, the ratios found by us in the serum proteins of adult rats were 
completely normal and corresponded to data in the literature [17]. As far as the results of investigation of 
embryonic sera in different stages of development are concerned, the irregular increase in serum protein con- 
tent during the ontogenctic process must first of all be pointed out, it having increased from 12,9 mg/ml in 
the very carliest stages of embryogenesis studied to 70 mg/ml in the adult animals, 


The relative albumin content in the course of ontogenesis changed, butnot very much, However, in the 
early stages the albumin clearly was subdivided into two subfractions; true albumin and pre-albumin, which 
migrated more quickly than the main albumin fraction. This division, as a result of embryonic development, 
becaine less clear; however, it remained partially in the embryos the day before birth. The relative content 
of a y-globulins in the embryonic period is low. It increases sharply after birth, The relative content of 
ag- globulins fluctuated somewhat, but on the whole they increased somewhat in the ontogenetic process. It 
is possible that the fraction designated by us as a3-globulin in some stages of embryogenesis corresponds to the 
proteins designated as a-globulins by Shmerling and Uspenskaya [7]., In earlier stages a,4- globulins clearly 
appear. 


The relative content of 8 -globulin somewhat increases during the process of ontogenesis. 


The changes in the relative content of y-globulins was of the greatest interest. In the earliest stages 
we studied (embryonic weight 0.4 g) the relative y-globulin content was shown to equal its content in the 
adult animal. It then began to decrease quickly, and reached a minimum at the embryonic weight of 1.6 g, 
after which there was a regular increase in the y-globulin content, which in the post-embryonic period al- 
ready attained a level characteristic of the adult animal, 


In most of the electrophoregrams of sera of the embryos and of the rats in the first days of life, in the 
y ~globulin region there was a clear protein band, which had not been described earlier and is designated by 
us as ~globulin, 


Results of electrophoresis- precipitation analysis of adult rat sera which were carried out to elucidate to 
what extent there was a selective activity in our antisera are stiown in Figure 1, The curves obtained in 
these tests served as standards for evaluation of further results, 


Figure 1,A compares curves obtained in densitometric measurement of the control half of the electro- 
phoregram (solid line) and the other half (dotted line) subjected to electrophoresis- precipitation analysis of 
the antiserum obtained in immunization of animals with y,-globulins (a y-antiserum). As can be seen from 
the figure, this antiserum is distinguished by its great specificity and the formation of a well-developed pre- 
cipitation spot only in the a y-globulin region. The remaining rat serum proteins did not react with this 
antiserum and washed off the electrophoregram. 


The antiserum obtained in immunization with rabbit 8 - globulin contained many antibodies and gave a 
good development of precipitate; however, despite the fact that the antibodies employed were electrophore- 
tically homogeneous, they reacted not only with 6 -globulins but also with as- and y-globulins (Figure 1,B), 
and accordingly will subsequently be designated 6- y-antiserum. 


The antiserum obtained in immunization with rabbit y-globulin was distinguished by marked select- 
ivity. It reacted with y-globulin (Figure 1,C); however, the antibody content of this antiserum was not high, 
and the precipitation spot in the y-globulin region was small, 


In treating the electrophoregram with the antiserum reacting with y-globulins ( 6- y-and y -antisera) 
it was noted that the band of the precipitate was displaced somewhat to the right by comparison with the 
y-globulin fraction in the control curve. This was due to the fact that in portions of the electrophoregram 
where the content of y-globulins was low upon the usual coloration they are almost (or completely) invisible. 
After treatment of the electrophoregram with the antiserum in these sections a precipitate separates consisting 
of 90 % protein antibodies. In those portions of the electrophoregram where the y-globulin (or other 
antigen during their treatment with antisera) has a greater content, as a result of an antigen excess, there is formed 
less abundant precipitate, and in some cases there is observed even some solution of the precipitate. 


The antiserum obtained in rabbit immunization with whole rat serum ("total” antiserum) reacted with 
a series of serum proteins, in the course of which it reacted best with the albumins and worst with the 
y ~globulins. 
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TABLE 2 


Presence of Proteins in Blood Sera of Embryonic and Newborn Rats, 
Identical in Their Immunological Properties to the Corresponding 
Proteins of the Adult Animals 


Protein designation 
Stage of development Al- Globulins 
bumi | | | 


4 day old rats “+ 
Newborn rats 


Embryos day before birth a 
Embryos weighing 1.6 g 


Embryos weighing 0,72-0,76 
8 


Embryos weighing 0, aii 


Albumin 


Figure 1, Results of electrophoresis-precipitation analysis of adult rat serum: 
Solid line~ control electrophoregram; dotted line— position of precipitate. 
A— processed with -antiserum; B— y-antiserum; C— y-antiserum, 


In using the above-described antisera, the electrophoresis precipitation analysis of sera of 4-day old 
mice (weighing 6.42 g) was conducted, This analysis showed that in this stage all the main serum protein 
fractions resembled the proteins of the adult animals in immunological characteristics, 


As seen from Figure 2, in newborn rats (weight 5 g) the immunological characteristics of the main 
fractions of serum proteins are also similar to those of the corresponding fractions in the sera of adult animals. 
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Figure 2. Results of electrophoresis- precipitation analysis of newborn rat serum 
(weight 5g): 

Designations the same as in Figure 1; 

A—treated with -antiserum; B— with 6- y-antiserum; C—- with y - 
antiserum, 


The results of electrophoresis-precipitation analysis of embryo serum 1 day before birth (embryo weight 
3.86 g) are shown in Figure 3, In this stage the albumins (Figure 3, A, result of treatment with "total" 
antiserum) and also the a@s-, 6- and y~-globulins (Figure 3, B and C), are shown to be immunologically 
similar to those of the proteins of the adult animal. As to the ay,-globulins, in contrast to what was observed 
in the later stages, this protein in the embryo serum was not detected (Figure 3, D) and the antiserum did not 
react with any of the proteins, 


Similar results were obtained in two other tests: with the serum of embryos weighing 3.6 g and the 
serum of embryos weighing 4.9 g. 


Data as to results of electrophoresis-precipitation analysis of serum of embryos weighing 1.6 g are shown 
in Figure 4, In this state, there was a lack of albumins and ay-and a 3-globulins in the embryonic sera, which 
were immunologically similar to the proteins of adult animals (Figure 4, B). In treating the electrophoregram 
with 6 - y-antiserum, there appeared a precipitation band in the region of 8 - and y-globulins, However, 
as seenin the Figure (4, A), the precipitate was very clearly evident in the region of y - globulins; the pre- 
cipitate in the region of 8 -globulins was small. This makes possible the assumption that at this stage of 
ontogenesis, apparently only a small portion of 8 - globulins exactly correspond to the proteins of the adult 
animal. In contrast to this, all or almost all of the embryonic y-globulins of this weight are identical with 
the y-globulins of the adult animal, 


Electrophoresis- precipitation analysis of the serum of embryos weighing 0.78 g showed that the only 
protein serum fraction possessing immunological similarity with the proteins of the adult organism was the 
y-globulin fraction (Figure 5). None of the remaining proteins formed a precipitate in treatment of the 
electrophoregram with the antiserum against serum proteins of adult animals, but washed off the electrophore- 
gram. Exactly the same results were obtained in other tests conducted with sera of embryos weighing 0,72 g. 


In even earlier stages — in embryos weighing 0,43 g— electrophoresis-precipitation analysis was carried 
out with the use of 8- y- and “total” antiserum, As can be seen in Figure 6, B, the “total” antiserum did 
not react with a single embryonic serum protein. The only fraction which retained immunological similarity 
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Albumin 


Figure 3, Results of electrophoresis-precipitation analysis of embryo serum, 
1 day before birth (weight 3.86 g): 


Designations the same as in Figure 1, 
A— treated with “total” antiserum: B-— with B - y antiserum; C — 


Albumin 


with y-antiserum; D — with a,-antiserum. 


Albumin 


A 


Figure 4, Results of electrophoresis-precipitation analysis of serum of 


embryos weighing 1.6 g; 


Designations the same as in Figure 1. 


to the corresponding fractions of the adult animal was the y- globulin fraction (Figure 6,A). In it, however, 


as indicated by the negligible magnitude of the precipitate, apparently not all the proteins are identical with 


the proteins of the adult animal. 


Albumin 


Figure 5, Results of electrophoresis- 
precipitation analysis of sera of embryos 
weighing 0.78 g; 

Designations the same as in Figure 1, 
treated with y-antiserum, 


Similar results were obtained in other tests using 
the serum of embryos weighing 0.39 g, 


In conclusion it should be noted that the proteins 
in all stages we studied differed in their immunological 
properties from the proteins of the adult animal. 


Electrophoresis- precipitation analysis of serum pro- 
teins in other stages of ontogenetic development of the 
rat which we carried out show that the immunological 
maturity of the separate fractions of the serum proteins 
does not occur simultaneously, but in a definite sequence. 
In the earliest stages of ontogenesis (to what extent can 
be judged on the basis of results of our application of 
the paper electrophoresis method) there are present ini 
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Figure 6, Results of electrophoreis-precipitation analysis 
of sera of embryos weighing 0.43 g: 

Designations the same as in Figure 1; A— treated with 
B- y-antiserum; B— with “total” antiserum 


the blood of the foetus embryonic proteins which are identical in their electrophoretic mobility with the 
corresponding proteins of the adult animal, but which differ from them in their immunological properties. In 
the process of development these proteins are replaced by proteins equivalent to the proteins of the adult or- 
ganism, notonly electrophoretically but immunologically. It is of interest to recall that in accordance with 
the data of many investigators another blood protein — hemoglobin — differs in the embryonic period from the 
hemoglobin of the adult animal [18], 


From the data summarized in Table 2, it can be seen that of the serum proteins immunologically 
similar to the proteins of the adult organism in ontogenesis there first appear proteins similar to the y -glo- 
bulins. The origin of these proteins present in the earliest stages we studied is not clear. It is possible that 
they penetrate the embryo blood from the blood of the mother through the placenta or yolk sac. The 
possibility of such penetration for the antibody is shown by many investigators [19-21]. According to some 
data the antibody in the early stages of development penetrates into the blood of the foetus more easily than 
in later stages [22,23], This may explain our observation as to the high content of y-globulin in the early 
stages of ontogenesis, However, the question as to the origin of the serum y -globulins of the embryo cannot be 
considered completely clarified. Evidently in the earliest stages of development, apart from the y -globulins, 
identical to those of the adult animal, in the region of the y~-globulins, there are also embryonic proteins 
with the same immunological characteristics. 


Proteins with electrophoretic mobility equal to the mobility of the 8 ,-globulins of the adult animal 
appear in the earliest stages of ontogenesis [7]; however, this protein differs from the 6 ,-globulin of the adult 
animal in its immunological properties. The protein immunologically similar to the § ,-globulin of the serum 
of adult rats appeared only in the blood of foetuses weighing 1.6 g. 


The protein immunologically similar to a -globulin appears even later, the day before birth. It is of 
interest to note that in accordance with the data of Shmerling and Uspenskaya [7], the electrophoretic 


mobility of this protein the day before birth differs somewhat from its electrophoretic mobility in the adult 
animal, 


In the earliest stages of embryogenesis we studied, there already appeared protein electrophoretically 
similar to the albumin of the adult animal, In accordance with the data of Shmerling and Uspenskaya, the 
electrophoretic mobility of the embryonic albumin corresponds almost fully to the electrophoretic mobility 
of the albumin of the adult animal. However, this protein in the earliest stages of ontogenesis differed 


immunologically from the serum albumin of the adult animal and became similar to it only the day before 
birth, 
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SUMMARY 


The serum of rat embryos contains proteins similar (as far as can be judged on the basis of paper electro- 
phoresis) in their electrophoretic mobility to the serum proteins of adult animals, as well as unusual embryonic 
proteins with different mobilities, for example, prealbumins and y-globulin. 


A series of embryonic scrum proteins electrophoretically similar to the corresponding serum proteins of 
the adult animal differed from them in their immunological characteristics, 


In the process of ontogenectic development there occurs a gradual replacement of these proteins by other 
proteins similar to the proteins of the adult animal, not only electrophoretically, but in their immunological 
characteristics, 


Immunological maturity of individuai serum protein fractions in rats does not proceed simultaneously. 
The appearance in the blood serum of the embryonic proteins similar to the proteins of the adult animal pro- 
ceeds in the following order: the y -globulins first (in embryos of 0.39-0,42g), then the § -globulins (in embryos of 
1,6 g), the albumins and a g-globulins(the day before birth) and last, the a 4-globulins (in the newborn rats), 


We extend our deep gratitude to L,.K, Staroseltsey for considerable assistance in carring out the work, 
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DEAMINATION OF D- AND L-ALANINE is 
a IN THE LIVER UNDER NORMAL CONDITIONS a 
AND IN PROTEIN DEFICIENCY 
S. Ya. Kaplansky and A. V. Azyavchik 2 
; Laboratory of Physiological Chemistry of the Inst. Biol. and s 
Med, Chem, Acad. Med, Sci, USSR, Moscow as 


In one of our previous studies [1] devoted to clarification of protein deficiency in animal metabolic 
processes, it was shown chat the enzyme activity catalyzing deamination of amino acids in rat liver slices is 
markedly disturbed when the rats are on a protein-deficient diet. These data were later confirmed many 
times [2-4]. Inasmuch, however, as all the studies were conducted with DL-amino acids, it remained un- 
certain as to whether the functioning only of D-amino acid oxidases was disturbed, or whether at the same 
time there is a diminution in enzyme activity catalyzing deamination of L-amino acids, 


Besides clarifying this question we decided also to study the question of L-amino acid deamination in- 
tensity in liver slices of normal animals in greater detail. 


In the literature, the data of Krebs [5] is widely cited to the effect that deamination of L-amino acids 
in kidney slices proceeds 10-20 times less intensively than deamination of D-amino acids, Thus, for example, 
according to these data, the intensity of deamination of L-alanine in kidneys is 18 times less than deamination 
of D-alanine. For liver tissues, this difference is somewhat smaller [6], but most authors consider that in 
liver slices the intensity of deamination of D-amino acids is somewhat higher than the deamination intensity 
of L-amino acids, In studies carried out in our laboratory we, however, often observed only a comparatively 
small difference in deamination intensity of L- and D-amino acids in liver slices. 


Therefore it was necessary to define this question more accurately and also to elucidate the influence 
of some factors on the rate of L-amino acid deamination in liver slices, 


EXPERIMENTAL 


Tests were carried out ©n liver slices of normal rats and those on diets containing insufficient protein 
(3 %. The diet composition was the same as that in our earlier studies [1]. The rats on the protein in- 
sufficient diet were taken for testing when they showed clear symptoms of protein deficiency and when the 
protein content in their serum decreased to 5% or less, L-and D-alanine used as deamination substrates were 
prepared in the amino acid synthesis laboratory of our institute by means of separation of DL-alanine, Each 
amino acid preparation contained only traces of the other isomer. The different alanine isomers were added 
to a Ringer- Krebs solution in which the slices were incubated at a final concentration of 0.05 M. Incubation 
was conducted at 37 for 2 hours. So as to inhibit the process of urea formation, sodium arsenite to a final 
concentration of 0,04 M was added to the incubation medium, At the end of incubation the proteins were 
precipitated with 20% trichloracetic acid and the increase in NHg was determined in the filtrate by the 
Conway method, The NHg content prior to incubation was determined in separate samples which were fixed 
with trichloracetic acid immediately before addition of the substrate. 
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RESULTS 


As can be seen from the data in Table 1, deamination of L-alanine in liver slices of protein-deficient 
rats was disrupted to even somewhat greater degree than the deamination of DL-alanine, On the average, 
DL-alanine deamination in liver slices of protein-deficient rats was lower than the deamination in liver slices 
of normal rats by 40.7% but the deamination of L-alanine— by 55.4% The results of these tests thus in- 
disputably show that during protein deficiency there is a decrease not only in the enzyme system catalyzing 
deamination of D-amino acids, but in the enzyme activity taking part in L-amino acid deamination, 


TABLE 1 
Deamination of DL- and L-Alanine in Liver Slices of 
Normal Rats and Those on a Protein- Insufficient Diet. 
Increase in NHg Expressed in uM per g Tissue, 


Protein-insufficient 
Normal rats 
DL-alanine L- PL- L- 


alanine alanine alanine 


70.4 26.4 34.9 14.6 
63.2 26.4 38.8 13.6 
72.0 28.0 40.2 10.4 
51.0 25.6 32,2 11.2 
68.0 27.0 36.9 14.4 
99.2 28.0 32.5 18.0 
59.2 28.0 28.5 14.0 
60.4 28.0 40.2 8.0 
51.2 30.6 35.8 11.0 
58.0 28.0 38,8 6.0 
80.0 30.4 32.9 17.0 
62.6 28.8 38.8 16.0 
58.0 32.0 34.6 20.0 
72.0 44.6 42.2 
48.4 36.0 42.9 
Average: 61.9 | 29,9 | 36.7 13,4 


From the given data there can be obtained a similarly clear indication of the intensity of L-alanine 
deamination in liver slices of normal rats by comparison with the intensity of deamination of DL-alanine. 
The quantity of NHs cleaved from L-alanine after 2 hours of incubation was shown to be 29,9 uM per g 
tissue, and was only half as much as the NHg quantity cleaved under the same conditions from DL-alanine, 
In a series of tests in which similar studies were carried out on deamination of D-alanine, L-alanine and 
DL-alanine in liver slices of normal rats and those showing symptoms of protein deficiency, it was noted 
that the quantity of ammonia cleaved from DL-alanine was always considerably less than the total quantity 
of NH; cleaved during deamination of the corresponding quantites of D-alanine and L-alanine separately. 
We got the impression that during simultaneous deamination of D- and L-alanine, there develops an inhibition 
of deamination by one or both of the isomers. We assumed that this might depend on the fact that NHy, 
cleaved from the more quickly deaminated D-alanine, inhibited the cleavage of NHg from L-alanine. For 
proof of this hypothesis, we studied the effect of addition to the incubation mixture of various quantities of 
NH,Cl on the intensity of deamination of D-alanine, L-alanine and DL-alanine by the same liver slices. 


The data in Table 2 show that addition to the incubation mixture of small quantities of NHg, such as 
0,005 M/1, considerably inhibits NHs cleavage from L-alanine, but at the same time has no effect on NHs 
cleavage from D-alanine, The results of these tests thus confirmed our hypothesis to the effect that the com- 
paratively more rapid cleavage of NH from D-alanine can inhibit its cleavage from L-alanine during the 
simultaneous occurrence of both processes. 
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TABLE 2 
Effect of NH,Cl on Intensity of Deamination of L-, D-, and DL- 
Alanine in Rat Liver Slices, 


NHs Increase Expressed in yM per g Tissue. 


Final con- 
centration 


NH increase in the absence | NHs increase in the 
presence of NH,Cl 


In thenext test series we studied the effect of changing the concentration of keto acids in the solution 
on the intensity of deamination of L-alanine. In these tests; to the incubation mixture along with L-alanine 
there was added a-ketoglutaric acid (before its addition to the incubation mixture, it was neutralized) and 
the quantity of ammonia cleaved was determined after 30 min,, 2 and 3 hrs. As can be seen from the data in 
Table 3, the addition of a-ketoglutaric acid did not in any way influence the quantity of ammonia cleaved 
during deamination of L-alanine for the first 30 min. of incubation, A completely different picture was ob- 
served during longer incubation periods (2 and 3 hrs,) In these cases the increase of free ammonia in tests 
with the addition of ~-ketoglutaric acid was one-half or less than in the absence of a-ketoglutaric acid. 

This lesser increase was the same in tests with liver slices of normal and protein-deficient rats. We assumed 
that the lesser increase of free NHg in the presence of «-ketoglutaric acid was related to the utilization of 
part of the cleaved NHs for synthesis of glutamine from ketoglutaric acid. This hypothesis found confirmation 
in tests in which the quantity of glutamine was determined in incubation mixtures during deamination of 
L-and DL-alanine in the absence and presence of «-ketoglutaric acid. The quantity of glutamine formed was 
found by determination of the increase of free NHg in samples after hydrolysis with 1 N HCl for. 10 min, and 
also by use of paper chromatography. As indicated in Table 4, in cases of L- and DL-alanine deamination in 
the absence of a-ketoglutaric acid, the quantity of glutamine ranged in most cases between 0 and 7 uM per 
g tissue. But when deamination occurred in the presence of a-ketoglutaric acid, the glutamine content in 
most of the tests attained 20 yM and more per g tissue. Thus, the results of these tests show that part of the 
NH; cleaved during deamination of L- and DL-alanine in the presence of a-ketoglutaric acid is utilized in 
glutamine synthesis, The same results were obtained in glutamine determination by paper chromatography. 
Chromatography was conductedin a butanol-formic acid-water (75:15:10) system, The chromatograms were 
developed with ninhydrin, In the figure are shown chromatograms of samples which did not undergo hydrolysis 
(figure, (A)and the same samples after hydrolysis (B) ). 


In the figure (A), the spot of glutamine is clearly seen, formed during deamination of DL-alanine in the 
presence of a-ketoglutaric acid. In the chromatogram shown in Figure (B), it can be seen that as a result of 
hydrolysis, the glutamine spot completely disappeared and the glutamic acid spot became correspondingly 
stronger, The results of chromatographic analysis thus confirm data to the effect that deamination of DL- 
alanine in the presence of a-ketoglutaric acid forms glutamine from part of the freed NH3- 


SUMMARY 


The deamination intensity of L-alanine in liver slices of healthy rats is on the average one-half the 
intensity of deamination of DL-alanine. Deamination of L-alanine in liver slices is inhibited by small in- 
creases in NHs concentration. An increase in NH3 concentration shows no influence on deamination of 
D-alanine, A portion of the ammonia cleaved during deamination of L- and DL-alanine in liver slices in the 


| 
| DL- NH,Clin = 
M/liter 
30.4] 48.0] 60.4 — | — | 0.04 
24.8] 49.61 51.2 | — | 50.0] — | 0.01 
32.0] 54.0 | 58.0 | 16.0 | 56.0 |50.0 | 6.01 
42.0} 48.0 | 62.0 |22.0| — {59.0 | 0.01 
34.0] — | 58,0: 117.0| — 147.0 | 0.01 
32.0] 54.0 | 58.0 | 16.0 | 56.0 |56.0 | 0.005 
q — |38 0] 66.0 |74.0 | 0.005 
32.0] 45.0 | 60.0 |27.0 | 42.0 [43.0 | 0.005 
q —| - | — |22.0} — ]51.0 | 0.005 
N 
Average; 32.0] 49.7 | 58,2 | 22.1 | 54.0 154.5 
| | 
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TABLE 3 

Deamination of L- Alanine in Presence of ~-Ketoglutaric Acid in Liver of 
Rats on Complete and Protein- Deficicnt Diets, 

Alanine Concentration .2M; q-Ketoglutaric Acid— .2M; Quantity 
of NHsCleaved in tissue. 


Animals on a complete | Animals on a protein- 
diet deficient diet 
Incubation time a-ketoglu- a-ketoglu-| a-ketoglu-| a-ketoglu- 
taric acid |taric acid | taric acid |taric acid 
present 
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TABLE 4 

Quantity of Glutamine Formed During Deamination of 
L- and DL-alanine in the Presence and Absence of 
o-Ketoglutaric Acid, 

Glutamine Quantity in 1M per g Liver Tissue. 


Deamination of 
Deamination of DL-alanine in 
L-alanine sence of the presence of 
ketoglutaric o- ketoglutaric 
acid acid 


presence of a-ketoglutaric acid is consumed in glutamine formation. 


In liver slices of rats with symptoms of protein deficiency, the intensity of deamination of L-alanine 
is reduced to one-half by comparison with the deamination intensity in liver slices of normal rats, 
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Glutamine formation in rat liver slices in the process of alanine deamination in the 
presence of a-ketoglutaric acid with different time intervals; 

A) before hydrolysis; present; 1) aspartic acid; 2) alanine; 3) glutamic acid; 

4) glutamine; substrates in the samples; 5) alanine+a-ketoglutaric acid incubated 

30 min.; 6) the same incubated 2 hrs.; 7) the same incubated 3 hrs. B) after hydro- 
lysis; substrates in the samples: 1) alanine after incubation 2 hrs.; 2) alanine and 
a-ketoglutaric acid fixed without incubation; 3 and 4) alanine and a-ketoglutaric 
acid incubated 30 min. and 2 hrs.; present: 5) alanine, 6) glutamic acid, 7) glutamine 
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THE SYNTHESIS AND SOME PROPERTIES 
OF THE POLYSACCHARIDES OF 
B. OEDEMATIENS AND B. PERFRINGENS 


V. l. Ivanov, A. K. Volchok, and A. V. Lobanova 
Biochemical Laboratory of the State Control Institute for Vaccines 


and Sera, Ministry of Health Security, USSR, Moscow 


Phosphorylase obtained from the stimulators of gaseous gangrene-— B, oedematiens and B. perfringens, 
possesses the ability by phosphorylase action to break down not only polysaccharides (starch and glycogen) but 
also a disaccharide ~ maltose [1], As an illustration of the tendency toward decomposition of similar car- 
bohydrates by means of phosphorolysis, the substantial significance of glucose-1-phosphate in bacterial 
functions can be cited, Glucose-1-phosphate can serve not only as an energy material, but can be used for 
the synthesis of polysaccharides by the microbial cells. 


Inasmuch as there are indications in the literature as to a relation between the capacity for intra- 
cellular synthesis of starch-like polysaccharides and the toxin- forming capacity in diphtheria bacilli [2], the 
question of the synthesis of such polysaccharides is not only of theoretical interest, but has important practical 
significance in the obtaining of toxins. Glycogen- and starch-like polysaccharides have been described for 
bacteria of avian tuberculosis [3], meningococci [4], and some causers of food poisoning toxins [5], From the 
literature it is also known that polysaccharide synthesis by phosphorylases of animal and plant tissues is con - 
siderably accelerated by the addition of small quantities of glycogen [6-9]. 


Taking into account that in growing B. oedematiens and B, perfringens there are always added poly- 
saccharides or their hydrolysis products to the nutrient medium, we endeavored in the present study to clarify 
the influence of some carbohydrates on the synthetic phosphorylase activity indicated as being present in 
higher microorganisms. In addition we studied the properties of the polysaccharides obtained from bacteria. 


EXPERIMENTAL METHODS : 


The work was carried out with B, oedematiens, strain 277 and B. perfringens, strain VR6K. The bacteria 
were grownon Tarots* mediuin ina vacuum desiccator, The extracts obtained from the microbial cells were processed 
as described previously [1]. The extracts were dialyzed 20 hours against running tap water. The test samples 
contained: 5 mg glucose-1-phosphate, 0,005 mg Mg£O,, 1 ml extract corresponding to 100 mg bactera on 
wet weight basis. Sample volume 2ml; pH 7,0. As synthetic catalyzers were added: starch, maltose, and to 
some samples, sucrose and lactose, 1 mg per sample. The samples were placed in a thermostat for 30 min, at 
37. Then to the samples were added an equal volume of 10 % trichloracetic acid. The precipitated proteins 


were separated centrifugally, the inorganic phosphorus precipitated with magnesia mixture and determined by 
the Fiske-Subbarow method, 


From Table 1 it can be seen that maltose and starch show a catalytic effect on the synthesis of poly- 
saccharides by the phosphorylase of B, oedematiens, but the effect was different. In the tests with phosphory- 
lase of bacteria grown on media with glucose, the effect was more noticeable upon addition of starch. In 
media with maltose, on the other hand, the synthetic process was activated to a greater extent by maltose, 
With the phosphorylase of B. perfringens, the catalytic effects of starch and maltose were almost identical, 
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whereas the carbohydrate added to the nutrient medium produced a more marked difference in the phosphory- 
lase activity, Thus in tests with phosphorylase of bacteria obtained on a medium with dextrose, the synthetic 
rate in terms of phosphorus was 6-7 times higher than shown on a medium with glucose, The addition of su- 
crose and lactose did not produce a noticeably catalytic effect in analogous tests, 


TABLE 1 
Effect of Starch and Maltose on Synthetic Phosphorylase Activity of 


B. oedematiens and B, perfringens. 


Added carbohydrate 
Tothe nutri 


Goo 
Enzyme 
durin lyst OD 
source growth of catalys 
oa. 


bacteria 


Maltose 
matiens* 


* B. oedematiens gave weaker growth on a. medium with dextrin. 


As far as coloration of the products obtained ‘with iodine is concerned, in the samples with starch there 
was observed a stronger coloration and a change of color from blue to violet. In samples with maltose, not- 
withstanding the indicated activation of the process of polysaccharide synthesis as judged by phosphorus, there 
was not a noticeable change in coloration upon the addition of iodine, 


Synthetic products were formed in tests with phosphorylase of B, oedematiens which grew on a medium 
with maltose, Maltose was also used as a catalyst. The duration of the test was 2 hours, Under these test 
conditions the formation of 2 types of polysaccharides was observed. The greater portion was composed of 
low molecular weight dextrins which could be precipitated from the solution by 6-8 volumes of ethyl alcohol, 
These products did not show any coloration with iodine, The second, small portion was shown to consist of 
polysaccharides which precipitated with 3 volumes of alcohol and gave a reddish-violet coloration with iodine, 


We conducted a study of the comparative catalytic effect of starch and maltose on polysaccharide 
synthesis by potato phosphorylase. From Table 2 it can be seen that in tests with potato phosphorylase, maltose 
did not shown any catalytic effect on the polysaccharide synthesis. 


TABLE 2 The above data and also our previous studies [1] 
Effect of Starch and Maltose show that the phosphorylase of B, oedematiens and 

on Polysaccharide Synthesis by B. perfringens differs from potato and animal phosphory- 
Potato Phosphorylase lase both as to the conditions of phosphorolysis as well 


as the synthesis of polysaccharides, There was interest 


P found in mg in clarifying the properties of the polysaccharides 


‘aiden per sample formed by bacteria growing on nutrient media with 
After different carbohydrates. The tests showed that 
catalyst 15 B, oedematiens obtained on a medium with maltose 
min, | min, and glucose gave a violet color with iodine; this in- 
dicated a difference in their starch-like polysaccharides, 
— 60 | 104 B, perfringens gave a similar coloration with iodine 
— im os only when grown on a medium with dextrin, although 
not always. 


The comparative form of bacteria stained with 
iodine is shown in Figure 1, from which it can be seen that in B. oedematiens {c) the starch-like 
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polysaccharides are distributed in almost all the cells, and in B, perfringens (a) in the form of clear organic 
granules which are distributed cither in the center of the cell or on its ends. During growth of B. perfringens — 


on a nutrient medium with maltose (b) and also with glucose, substances taking the stain with iodine were not 
detected. 


Figure 1. Appearance of bacteria stained with iodine: 
(a) B. perfringens on a medium with dextrins; (b) the same 
with maltose; (c) B. oedematiens on a medium with 

maltose 


We isolated the polysaccharides of B, oedematiens, The washed bacteria from the nutrient medium 
were subjected to hydrolysis with 40% KOH for 1 hour at 100°. The solution obtained was centrifuged, separ- 
ated from the small precipitate of remains of microbial cells, and 2 volumes of ethyl alcohol were added. 
The precipitate formed was separated by centrifugation , dissolved in water, and re-precipitated with alcohol, 
The second precipitate was subjected to dialysis against running water for 24 hours. Purification from possible 
traces of specific bacterial polysaccharides was carried out by precipitation of the starch-like polysaccharides 
by a water solution of iodine from a solution acidified with HCl. The precipitated stained complexes were 
separated by an 0,25 N alkaline alcohol solution, The alkali was washed with 65% alcohol, The washed 
polysaccharides were dissclved in water and precipitated with 2 volumes of alcohol. The precipitate was 
washed with alcohol, ether and dried, The preparation obtained was white powder; its water solution gave a 
violet color with iodine. By chemical analysis, 97% reducing substance and 0,2% phosphorus was found. The 
polysaccharide was decomposed with salivary amylase and bacterial phosphorylase. 


The polysaccharide composition was investigated by paper chromatography. Hydrolysis of the preparat 
tion was carried out in 1 N HSO, for 4 hours at 100°. The SO, ions were separated with Ba&OH)2. Phenol 
and a mixture of butyl alcohol, acetic acid and water (4:1:5) were used as the solvent. The chromatogram 
was developed by a solution of silver nitrate and acetone [10], 


As can be seen from Figure 2, the polysaccharide of B. oedematiens givesa chromatogram with one 
spot which is situated at the level of glucose, It was not possible to obtain a division of this spot by using 


two-dimensional chromatograms, Thus the chromatographic analysis shows that the polysaccharide is formed 
from glucose molecules, 


SUMMARY 


Synthesis of polysaccharides by phosphorylases of B, oedematiens and B. perfringens is activated not 
only by the addition of starch but that of the disaccharide — maltose, B. oedematiens growing on media 
with the addition of maltose and glucose synthesizes an intracellular starch-like polysaccharide. 
B, perfringens develops a similar polysaccharide only on a dextrin medium, but not in all cases, 


The polysaccharide isolated from B, oedematiens gives a violet color with iodine. Chromatographic 
analysis shows that it consists of glucose molecules, 
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Figure 2, Chromatogram of the polysaccharide from 

B._ oedematiens: a) glucose; b) arabinose; c) galactose; 

d) polysaccharide of B. oedematiens; e) rhamnose 
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STUDIES OF METABOLISM IN BIOCHEMICALLY DEFICIENT. 
FORMS OF BACTERIUM COLI AND BACTERIUM BRESLAU BY MEANS 
OF METHIONINE TAGGED WITH RADIOACTIVE SULFUR. 
D. F. Petrov and G. D. Nosovi 
Chair of Biology, Yaroslav Medical Institute 


Biochemically deficient forms of microorganims, incapable of synthesizing independently certain 
auxotrophic substances (amino acids, vitamins, purines, pyrimidines), can grow and multiply only if they 
obtain these specific substances from the nutrient medium. 


Prototrophic microorganisms, capable of synthesizing independently all their necessary specific nutrients, 
can extract auxotrophic substances as such from the nutrient medium, and can also synthesize these substances 
independently, Quantititive study of the relationship between assimilation of already available auxotrophic 
substances, and independent synthesis of them, involves a number of technical difficulties. Such studies have 
been carried out mainly on prototrophic organisms [1]. Certain biochemically deficient forms of microorgank 
isms, which areparticularly suitable for studies of this kind, have as yet not been used enough for this purpose, 


In the present investigation biochemically deficient forms of B, coli_ and B, breslau were used, in which 
methionine synthesis is blocked between homocysteine and methionine owing to absence of vitamin By, 
which is a constituent of the enzyme controlling the conversion of homocysteine into methionine. 


These forms of bacteria are capable of growing on a minimum medium only if it is enriched either 
with methionine, or vitamin Byz. In these experiments we studied the assimilation of methionine tagged 
with radioactive sulfur by: a number of prototrophic and auxotrophic forms of bacteria cultivated on a 
minimum medium enriched with methionine only, or with methionine and vitamin By. 


EXPERIMENTAL METHODS 


The minimum medium was a synthetic medium of the following composition (per liter of medium); 
glucose — 12 g, 6g, KCl — 4 g, K,SO,— 1 g, MgSO, 0.025 g, ammonium lactate — 2 g. 


For enrichment of the minimum medium with radioactive methionine, we used a methionine prepara- 
tion tagged with S®, in which 15 mg of methionine was dissolved in 2 ml of water, The specific activity of 
this solution was 5 mC. To prepare the nutrient medium enriched with radioactive methionine, 0,1 ml of the 
original solution was added to 10 ml of distilled water, and 0.5 ml of this solution was then added to 50 ml of 
the minimum medium, The appropriate amount of nonradioactive methionine was added to the medium en- 
riched with radioactive methionine in order to give the required methionine concentration, 


To test the enriched minimum medium, 0,1 ml of it was spread evenly and dried on a round target 17 
mm in diameter; a counter test by apparatus B in standard conditions showed that the medium had an activity 
of 450 pulses/ minute, 


The following forms of bacteria were used for the experiments, 1) Prototropicform of B. coli, supplied 
to us in 1949 by Professor Sinai, This form is capable of synthesizing independently all its necessary auxo- 
trophic substances, and grows well on the minimum medium, 2) A biochemically deficient form of B, coli 
P;, deficient in methionine or vitamin By,, obtained by us by means of the provocation-background method of 
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selection from thevabove prototrophic form of B, coli, This form cannot grow on the pure minimum medium, 
but grows well on a ninimum medium enriched with methionine (5 jg methionine per 1 mi of the medium) 
or vitamin By, (0.00001 yg per 1 ml of medium) [2] 3) A biochemically deficient form of B. coli By. This 
form, obtained by Davis [2] from B, coli_ by means of the penicillin selection technique, was supplied to us 
by Prof. V. N. Bukin; B, coli By, does not grow on the minimum medium, but grows well on a minimum 
medium enriched with methionine (5 yg per 1 ml of medium) or vitamin By, (@,00001 yg per 1 ml of 
medium), 4) A biochemically deficient form of B. breslau By, This form was obtained by us in 1949 by the 
provocation-background method of selection from a prototrophic form of B, breslau supplied to us by Prof, 
Sinai. Like B, coli Py and B, coli By), it does not grow on the pure minimum medium, but grows well on a 
minimum medium enriched with methionine (5 yg per 1 ml of medium) or vitamin Byy (0.00001 yg per 1 ml 
of medium). 


The radioactivity of the bacterial emulsions was determined by means of a type B counter. The ex- 
periments were performed as follows, The bacteria were grown in test tubes on slopes of solid meat peptone 
agar in a thermostat at 37 for 24 hours, The bacteria were then washed off and the emulsion was washed three 
times by centrifuging with sterile distilled water. A suspension containing 1 billion cells per 1 ml was 

then made, 0,1 m1] portions of this suspension were put in tubes containing 5 ml of pure minimum medium, or 
minimum medium, enriched with methionine tagged with S®, or minimum medium enriched with methionine 
tagged with S® and vitamin By, These tubes were incubated in a thermostat at 37 for 24 hours. The bacter- 
ial emulsion was then washed three times with sterile distilled water by centrifugation, and a bacterial emul- 
sion containing 1 billion cells per 1 ml was again prepared. 0.1 ml of this suspension was then spread 
evenly over a circular target 17 mm in diameter. After drying, the target was placed at a distance of 1 cm 
from the counter and three activity counts were taken, Each count was made for 3 minutes, and the average 
value of the activity was then found, 


RESULTS OF THE EXPERIMENTS 


The results of our four series of experiments with four different cultures are given in the Table. 


Effect of Vitamin B,, 0M Assimilation of Radioactive Methionine Tagged 
with s® 


Activity o Amount 7Activity of 
mount hacterial i 
Culture f vitaminlemulsion Culture 


ulses 
12 in ug P min / 


B, coli, prototrophic B. breslau By... . 


B. coli By B. coli P, 


In the first series of experiments the prototrophic form of B,coli was grown on the minimum medium 
enriched with methionine tagged with s® (10 p g methionine per 1 ml of medium), In some cases this 
medium was enriched with different amounts of vitamin B,,, while in others it did not contain this vitamin, 
The radioactivity of 0.1 ml of the bacterial emulsion (containing 1 billion cells per 1 ml), without vitamin 
By in the medium, was somewhat higher than the activity of bacteria grown in a medium enriched with vita- 
min By The activity of the prototrophic form of B. coli in all variants of the experiment was considerably 
lower than the activity of the biochemically deficient forms (on the average, 3 times as low). 


In the second series of experiments, B. coli Ps was grown on the minimum medium enriched with meth- 
ionine tagged with S® (10 yg per 1 ml) and containing different amounts of vitamin By,:0.1, 0.001, and 
0,00001 yg per ml; in the fourth variant the medium contained no vitamin By,. The Table shows that the 
lowest activity was found in the emulsion of bacteria grown in the medium containing 0.1 yg of vitamin By, 
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(per 1 ml of the medium). The activity of emulsion rose with decreasing amounts of vitamin By), and reached 
the maximum value for the bacteria grown on the minimum medium containing no vitamin By. 


In the third series of experiments, with B. coli By, the results were similar to those of the second series, 
with the difference that in this case only one concentration of vitamin By, was used (0.15 yg per 1 ml of 
medium), 


In the fourth series of experiments the auxotrophic form of B, breslau By, was grown on the minium 
medium enriched with methionine tagged with S®, either without By, or containing 0,1 and 0,001 yg of 
vitamin By, per 1 ml of medium, 


In this series the activity of the bacteria rose with decreasing amounts of vitamin By, in the minimum 
medium, It was least with 0,1 yg By, per 1 ml of medium, and greatest in absence of the vitamin, 


DISCUSSION OF RESULTS 


The results of our experiments indicate that for biochemically deficient forms of B. coli and B, breslau, 
needing methionine or vitamin By, the radioactivity is highest when they are grown on a minimum medium - 
enriched with methionine tagged with s®, and free from vitamin By, and decreases considerably if the medium 
contains vitamin By. Within certain limits of vitamin By, concentrations, the decrease of activity is greater for 
higher concentrations of vitamin By». 


This is quite understandable, as in absence of vitamin By), auxotrophic forms of B, coli and B, breslau, are 
incapable of synthesizing methionine independently,and build up methionine-containing proteins only from the 
methionine already supplied from the nutrient medium, As in our experiments the methionine added to the 
minimum medium contained radioactive sulfur, fairly large amounts of S® accumulated in the cells of such 
bacteria, resulting in high activity. In presence of vitamin By, these auxotrophic bacteria are capable of 
synthesizing methionine independently from the carbohydrates and mineral salts of the minimum medium. 
Therefore the proteins of bactera grown on a minimum medium enriched with vitamin By contained, to- 
gether with radioactive methionine obtained as such from the medium, also independently synthesized non- 
radioactive methionine, and therefore the activity of emulsions of such bacteria was lower, 


The activity of the bacterial emulsions fell sharply with increase of vitamin By, concentration, in- 
dicating a considerable increase of independent synthesis of nonradioactive methionine, 


A new and somewhat unexpected finding was the relatively very large amount of By, necessary to pro- 
duce a significant decrease of the bacterial emulsion activity, i,e., to increase the amount of nonradioactive 
methionine synthesized, While for growth of auxotrophic forms of bacteria on a minimum medium without 
methionine, and consequently for independent synthesis of methionine by the bacteria, an addition of 
10° yg By, per 1 ml of medium is sufficient, an addition of 0.1 yg By, per 1 ml of medium is required for 
the maximum increase of independent synthesis of methionine in presence of radioactive methionine, Never- 
theless, even with this high content of vitamin By, the activity of emulsions of biochemically deficient forms 
was twice as high as that of prototrophic forms grown under the same conditions, The higher activity of the 
auxotrophic forms indicates that their ability to synthesize methionine independently, even in presence of 
large amounts of vitamin By, is considerably weaker than that of the prototrophic forms, 


In our opinion, the explanation for this is that vitamin By, entering the organism from the nutrient 
medium enters the composition of the enzyme which catalyzes methionine synthesis with much greater 
difficulty than vitamin By, synthesized within the bacterial cell. If the nutrient medium does not contain 
methionine, such inclusion of vitamin By, occurs nevertheless, and even a very small amount of it 

(0.00001 yg per 1 ml of medium) is enough to ensure formation of the enzyme needed for normal growth and 
multiplication of the auxotrophic bacteria. 


If methionine is already available in the nutrient medium, inclusion of vitamin By, entering the 
bacterial cell as such from the nutrient medium takes place very slowly and with difficulty, and only a very 
large amount of vitamin By, will suffice for the formation of enough of the complete enzyme to ensure inde- 
pendent synthesis of methionine together with assimilation of methionine as such from the nutrient medium, 


In our opinion this phenomenon is to a certain extent analogous to the formation of adaptational 
enzymes in presence of appropriate substrates. 
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SUMMARY 


The relationship between assimilation of available auxotrophic substances and their independent 
synthesis was studied with the aid of methionine tagged with S® on biochemically deficient forms of B. coli 
and B, breslau, deficient in methionine or vitamin By. 


The study showed that in a nutrient medium without vitamin By, but enriched with radioactive methionine, 
these biochemically deficient forms develop by assimilating methionine as such from the nutrient medium, 
and therefore their bacterial cells have the highest radioactivity. 


If the nutrient medium is enriched with vitamin By, these biochemically active forms, in addition to 
assimilating methionine as such, become capable of synthesizing methionine independently, and therefore 
their bacterial cells have lower radioactivity. 


However, even with 0,1 yg of vitamin By, per 1 ml of the medium, the radioactivity of the biochemical- 
ly deficient forms is still twice as high as that of the prototrophic forms grown under the same conditions, 


It is noted that for a substantial decrease of the radioactivity of emulsions of biochemically deficient 
bacteria, owing to the increase of independent methionine synthesis, the amount of vitamin By, required is 
thousands of times as great as the amount needed for maintaining growth of these forms of bacteria on the 
minium medium by independent synthesis of methionine, 
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COMPOSITION OF NUCLEIC ACIDS IN EXPERIMENTAL 
MUTABILITY OF BAC TERIA OF THE COLI GROUP 


A. S. Spirin and A. N. Belozersky 
A. N. Bakh Institute of Biochemistry, Acad. Sci, USSR 


and Faculty of Soil Biology, University of Moscow ~ 


The present work is a direct continuation of the relative biochemical studies of experimental mutability, 
the results of which were published earlier [1]. The same biological material was used: 1) the original coli 
culture (Bact. coli commune, "SM") on which experiments in artifical modification of its properties were 
performed by growing it with breslau paratyphoid bacteria killed by heat; 2) breslau paratyphoid bacteria 
(Bact, breslau No, 70), killed by heating and used as specific substrate for directed modification of the 
properties of "SM" bacteria; 3) Alkaligenes 11-IV-4 obtained from "SM" bacteria by cultivation with breslau 
No 70; 4) a paratyphoid variant 12-IV-4, obtained by cultivation of the Alkaligenes 11-IV-4 with breslau 
No 70 killed by heating [2,3]. These cultures were used in the form of dry defatted masses. 


The purpose of our investigation was to detect the qualitative changes which may occur in the nucleic 
acids in the extensive experimental mutability which takes place in the case investigated. This is especially 
important in relation to the questions of specificity of nucleic acids, especially for different species, which are 
now being raised [4,5]. 


It is still not clear how far this specificity extends and what its limits are. Differences between the 
nucleic acids of closely related species have not been clarified at all, There have been no comparative studies 
of nucleic acids in original organisms and experimentally derived forms with deeply changed heredity. More- 
over, studies of the composition of nucleic acids and of their specificity, carried out by different workers on 
different organisms, deal either with RNA only or with DNA only, and there is an almost complete lack of 
systematic investigations of the compositions of both nucleic acids, performed on a series of biological objects. 


EX PERIMENTAL 


For determination of qualitative changes or differences in nucleic acids, the only satisfactory method at 
the present time is by determination of quantitative relationships of their nitrogenous bases. For this reason we 
used the most generally accepted methods of quantitative paper chromatography in conjunction with ultravio- 


let spectrophotometry for comparative investigations of the composition of the nucleic acids in the cultures 
studied, 


It must be pointed out that most workers have studied the composition of nucleic acids in preparations 
of such acids isolated from the organisms, The inadequacy of this approach in the case of RNA was demon- 
strated, in particular, by the work of Chargaff's laboratory, which laid the foundation of systematic in- 
vestigations of RNA composition without isolating it from the material, in toto [6,7], However, in relation to 
the composition of DNA the literature is still dominated by data obtained in studies of its isolated preparations, 
In our opinion these methods are not reliable enough because of the possibility of incomplete isolation of the 
substance, losses in preparation , and often its degradation, which may lead to changes in composition, We 
therefore attempted to study the composition of both RNA and DNA without first separating them, but directly 
in the material under investigation, 
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In our choice of a method for studying DNA and RNA separately in the cultures, we adopted the 
principle of the Schmidt and Thannhauser method, as mild alkalinehydrolysis makes it possible to separate DNA 
and RNA quantitatively, with simulatancous complete hydrolysis of the latter without secondary degradation 
of its components. Moreover, any other of the existing methods for hydrolysis of RNA may be unreliable 
because of incomplete hydrolysis or partial destruction of the bases [8], 


To investigate the nucleotide composition of RNA, a weighed sample of 500 mg of defatted dry bac- 
terial mass was first washed free of acid-soluble compounds with three portions, 4-5 ml each, of cold 
0.2 N HClO, The treatment was carried out precisely at 0-4’ for 2-3 hours with the use of a centrifuge and 
external cooling, The mass was then washed twice with cold alcohol to remove acid, once with alcohol 
without cooling, and then three times with alcohol-ether; mixture (1:1) and once with ether; it was then 
dried in a vacuum desiccator 


The dried washed mass was covered with 4 ml of 0.5 N KOH and after thorough stirring placed for 18 
hours in a thermostat at 37. In these conditions RNA is completely hydrolyzed to mononucleotides without 
secondary changes, Special experiments showed that the weaker alkali often used for hydrolysis of RNA (0.3 
N KOH) does not hydrolyze the cultures completely to mononucleotides, while stronger alkali (1 N KOH, 1.5 
N KOH) leads to partial deamination of cytidylic acid, converting it to uridylic. 


After hydrolysis by 0.5 N KOH the material was cooled to 0°. The hydrolyzate was neutralized in the 
cold by 50% HC1lO,g which was then added until the final concentration of the acid in the hydrolyzate was 
~ 3% and the product was then centrifuged with cooling. The residue, which contained DNA, was washed 
three times with 3% HC1O, in 3-4 ml portions in the contrifuge with cooling. The centrifugate, combined 
with the washings, contained all the RNA in the form of its mononucleotides. The residue, consisting of pro- 
teins, DNA, and precipitated KC104, was washed twice with cold alcohol, once with alcohol at room tempera- 
ture, three times with alcohol-ether mixture (1:1), and once with ether, After being dried in a vacuum 
desiccator this residue could be used as material for studying DNA (see below). 


The solution containing mononucleotides was neutralized with 40% KOH. The liquid was kept for some 
time in the cold, the KC10, precipitated during neutralization was centrifuged off, washed 4-5 times with 
small portions of ice water and rejected, while the neutral centrifugate and washings were combined and re- 
duced to 25 ml in volume, The solution was practically free from inorganic salts and could be used directly 
for chromatography. 


The mononucleotides were separated by descending chromatography on paper in Magasanik — Chargaff 
solvent [9]. The solvent is isobutyric acid saturated with water at 15° and then taken to pH 3.5-4 with con- 
centrated ammonia (system isobutyric acid —- ammonium isobutyrate). Filter paper No, 2 from the Leningrad 
factory, thoroughly washed with 2 N acetic acid and then with distilled water and redistilled water, was used 
for the separation, The sheets were marked out in longitudinal bands 3.7 cm wide, and exactly 100 liter of 
hydrolyzate, in 10 yliter portions dried gently by means of a lamp, was applied to the center of the starting 
line of each. One of the bands (the control band) was left free. The separation was continued for 20-24 hours. 
The top spot contained guanylic and uridylic acids together, the second contained cytidylic acid, and the 
bottom spot contained adenylic acid. The spots were identified spectrophotometrically, 


After detection of the spots in ultraviolet light, they were cut out together with the corresponding re- 
gions of the control band, and eluted overnight by 5 ml of 1 M phosphate buffer of pH 7.0 at 37 [9,6]. 


Spectrophotometric analysis of the eluates was carried out in the ultraviolet, against the corresponding 
eluates from the control band, by means of the SF-4 quartz spectrophotometer at the following wave lengths: 
top spot — at 245, 265 and 290 my; middle spot — at 270 and 290 my; bottom spot — at 260 and 290 my [9,6]. 
The nucleotide concentrations were calculated from the spectral data with the aid of the calculation coeffi-' 
cients given in the paper by Elson, Gustafson, and Chargaff [6], recalculated for 5 ml of eluate. 
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Micromoles of nucleotide 


in 5 ml of eluate 

Guanylic acid (G) 1.058+ 0.609 

Adenylic acid (A) 0.364+ Argo 
Cytidylic acid (C) 0.727+ Aro 

Uridylic acid (U) 0.987+ —0.800 + 

A represents differences between extinction at the wave length given and extinction at 290 my [9,6]. 
In anumber of cases a “tail” was found on the chromatogram, identified as guanylic acid. In such cases the 


corresponding regions of the bands were also eluted and the number of micromoles of guanylic acid present 
in them was calculated by means of the formula 0.470 Ags. This amount of additional guanylic acid was 
added to the original amount found in the top spot. 


The amounts of the individual mononucleotides were used to calculate the molar percentages of the 
nucleotides of the total nucleotides in the RNA studied, The total number of moles of nucleotides was taken 
as 100. This gave the number of moles of each individual nucleotide as a molar percentage. The results 
found for the four nucleotides in RNA of the cultures studied are given in Table 1. 


TABLE 1 


Quantitative Proportions of RNA Nucleotides in the Cultures Studied 


Molar % of nucleotides 
in RNA 


Purines G64 C. 


Culture Pyrimidines | aac 


B. coli "SM" 31.4 | 26,6 | 23.7 | 18.3 1.38 1.23 | 0.99 


Alkaligenes 11-IV+z 32.0 | 25.8 | 23,9 | 18.3 1.37 1.27 | 1.01 
4 
Paratyphoid 12-IV+ 31.7 | 26.2 | 23.8 | 18.3 1,37 1.25 | 1.00 
4 
B, breslau No 70 | 34,8 | 26.4 | 24.1 | 17.7 1.39 1.27 | 0.98 


Note, The above data are averages for 4-6 determinations for each of two 
parallel hydrolyzates. The maximum deviation of individual determin- 

ations from the mean did not exceed 5.5 % and was,on the average,of the 
order of 2% 


The results show quite conclusively that there are no appreciable differences of RNA composition bet- 
ween the two natural forms of coli-group bacteria used in the experiments, and that no appreciable changes of 
RNA composition occur during variation of the organisms themselves, It must be stated at once, however, 

that the same nucleotide composition of the RNA does not completely exclude the possibility of specific 
structural differences in the RNA studied, as differences in the sequence of nucleotide residues in the chain, 
and in the spatial configuration of the molecules, are possible. Nevertheless, the same nucleotide composition 
of the RNA in the cultures studied is evidence in favor of great resemblance between these RNA, and a great 
similarity of structure, 


A number of points may be noted with regard to the general relationships in the composition of the RNA 
studied. First, it must be pointed out that as the result of a study of large amounts of RNA from various bio- 
logical sources, in relation to the relative contents of purine and pyrimidine nucleotides in them, a universal 
law was established in Chargaff's laboratory (known as " Chargaff's rule "), namely: all the RNA had equal 
contents of 6-keto and 6-amino groups, that is, guanylic acid + uridylic acid = adenylic acid + cytidylic acid; 
(G+U)/ (A+C)=1, Any deviation from this rule may be regarded as the result of secondary disturbance of 
the RNA composition owing to partial degradation, oxidation, etc,, which usually occurs when RNA is isolated 
in the form of preparations, Our data fully confirm "Chargaff's rule", as can be seen in the last column of 
Table 1, Conversely, conformity to ''Chargaff's rule" is evidence of the reliability and validity of our data on 
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RNA composition, 


It follows from the relationships discovered in Chargaff's laboratory that all RNA can be in principle of 
only two types; in some RNA the sum of guanylic and cytidylic acids may be greater than the sum of adenylic 
and uridylic acids (type GC), while in others the reverse may be the case (type AU). The value of the ratio 
(G +C)/ (A+ U) isa characteristic distinctive feature which may be used for distinguishing between RNA of 
different origins. Our data show that the RNA of the coli-group bacteria studied belong to the GC ty pe, and 
that the ratio (G + C) / (A + U) has a value of 1.25 + 0,02 for all cultures, without appreciable variations. 

A second characteristic feature which may indicate specificity of RNA composition is the ratio of purine to 
pyrimidine nucleotides, This is also approximately the same for the cultures studied, and has the value 

1,38 + 0,01. It must be pointed out that the RNA composition of B,coli was also studied in Chargaff's lab- 
oratory, According to Elson and Chargaff's data [7], the RNA of B, coli has the following composition (in %): 


G— 28.8; A — 25.3; C— 24,7; U— 21.2; purine — pyrimidine ratio 1.18; (G + C)/ (A + U) = 1.15; (G+ U)/ 
(A + C) = 1,00, 


These results differ somewhat from ours (Table 1). 


These discrepancies cannot be attributed to differences between strains, as an additional. study of another 
strain (B. coli I) and even of other species of bacteria of the coli group, showed them to have RNA of identical 
composition, Neither is it possible to explain the discrepancies by differences in chromatographic procedure 
and calculations, as we used the methods which were used in Chargaff's laboratory [6,7,9]. We are as yet un- 
able to provide any explanation of these discrepancies, 


Proportions of Nitrogen Bases in Desoxyribonucleic Acid in the Cultures Studied 


For studies of the DNA composition in the cultures, we used the washed and dried residue from the 
alkaline hydrolysis, containing the DNA (see above), This dry residue, obtained from a 500 mg sample after 
removal of RNA in the form of mononucleotides, was moistened with 7-15 drops of NaHCOs solution with 
thorough stirring by means of a thin rod, then covered with 4-5 drops of 10% NaCl solution and heated for 1 
hour ina boiling water bath with stirring. The reaction of the medium was maintained weakly alkaline to 
litmus, as otherwise when the material was heated with 10% NaCl,acidification of the solution took place, 
leading to partial removal of purine bases from the DNA. After cooling and centrifuging,the precipitated 
denatured proteins were washed with 3-4 ml of 10% NaCl and rejected. The main centrifugate and the washings 
contained all the DNAinsolution, 2-3 times its own volume of 96% alcohol was added to the solution, and 
the mixture was left for several hours in the refrigerator. The precipitate formed, which contained the DNA, 
was centrifuged, washed once or twice with 70% alcohol, and then once with 96% alcohol. After decantation 
of the 96% alcohol the tube with the precipitate was put in the drying oven at 100-105° for 1-2 hours, after 
which the precipitate was transferred to a small tube, covere) with 10-20 drops of 72% HC10,, the tube was 
sealed, and the precipitate was hydrolyzed for 1 hour in a boiling water bath, The tube was then opened, 
several drops of water were added to the hydrolyzate, and the solution was applied directly to chromatographic 
paper in 20 yliter spots in a single stage, without drying, at points 4.5 cm apart, 


vag 


Separation of the purine and pyrimidine bases formed by hydrolysis was effected by descending chromato- 
graphy op paper, in a sulvent proposed by Kirby [10] for this purpose. The solvent consists of absolute methanol, 
concentrated HCl, and water, in 70;20;10 proportions, This solvent is simple, cheap, gives excellent separation 
of all the bases, and is much better in this respect than solvents based on isopropanol or butanol. Filter paper 
No,2 from the Leningrad factory, washed as described above, was used for chromatographic separation of the 
bases. The bases were separated in the following sequence (starting from the top): guanine, adenine, cytosine, 


and thymine. The spots were identified spectrophotometrically and by comparison of chromatograms of known 
substances, 


For the quantitative determinations, the spots, detected in ultraviolet light, were cut out and eluted, to- 
gether with the corresponding regions of the control band, with 5 ml of 0.1 N HCl at 37 overnight [8]. The 
eluates were examined spectrophotometrically by means of the SF-4 instrument against eluates of the control 
band at the following wave lengths: guanine at 250 and 290 my; adenine at 260 and 290 my; cytosine at 276 
and 290 my; thymine at 260 and 290 muy. 


The contents of the above bases in micromoles were calculated with the aid of coefficients derived from 
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spectral data in the literature [11]. 


Micromoles of base 
in 5 ml of eluate 3 


Guanine (G) 0.714 * 
Adenine (A) 0.399 + 
Cytosine (C) 0.940 
Thymine (T) 0.743 
The significance of A is explained earlier, .. 


The technique described was used to obtain data on the DNA composition of all the four cultures with- 
out preliminary isolation of the DNA, These data, expressed as molar percentages (see above) are given in 


Tebdle 2, 


TABLE 2 


Proportions of Bases in DNA of the Cultures Studied 


Molar % of bases in 


it DNA Purines _ 


_ 


A|c 


B. coli "SM" 26,0 | 23,8 | 26.4 | 23.8 0.99 0.98 | 1.00 


Alkaligenes 11-IV-4 | 33.3 | 16.5 | 33.7 | 16.! 0.99 0.99 | 1,00 
Paratyphoid 12-Iv-4 3 | 23.4 | 28,4 | 20.5 1.01 0.97 | 1.07 


B. breslau No 70 6 | 23.1 | 27.8 | 21,5 1.03 1.00 | 1.07 


Note, The above data are averages for 6-12 determinations for each of two parallel 
hydrolyzates. The maximum deviations from the mean were 17-10%; the mean de- 
viation was of the order of 2-3% 


These results show that the original culture (B,coli) and the “directing” culture (B, breslau ) have : 
DNA of fairly similar but not identical compositions, In this case, despite the similarity of composition, 7 
there seems to be a specific distinction between the DNA of these two closely related species, The Alkali- 
genes organism, originated from B,coli , is a form which has deviated very sharply both from the original and 
from the "directing" culture in the composition of its DNA. The data in Table 2 indicate some cardinal 
transformation of the DNA composition, a sharp change in the specificity of its structure at this stage of 
experimental variability, This is in accordance with the deep hereditary changes which occur in the tran- 
sition into Alkaligenes [1-3]. The composition of the DNA of the paratyphoid organism shows a return to the a 
composition of the DNA of the original cultures, being especially near to the composition of the DNA of the j 
directing culture of B.breslau, It is probably either identical with, or differs only slightly from, B,breslau in 
the composition of its DNA. 


Passing to the relationships in the DNA composition, we must note. the complete agreement of the results 
obtained with the relationships first discovered by Chargaff in preparations of native high-polymeric DNA of 
various origins [4,5]: 1) the sum of the purines is equal to the sum of the pyrimidines (purines/ pyrimidines = 
1); 2) the molar ratio of guanine to cytosine is 1(G/C = 1); 3) the molar ratio of adenine to thymine is 1 
(A/ T = 1); 4) the number of 6-amino groups is equal to the number of 6-keto groups /(G + T)/(A +C)=1/. 
As we also found all these relationships for the native macromolecular DNA structure, this confirms reliability 7 
and accuracy of our procedure for the analysis of DNA in the cell without previous extraction, It is therefore i 
possible to carry out reliable and accurate studies of the total composition of DNA in biological material a 
without having to use laborious methods for its extraction in the form of a native preparation. q 


The DNA in all the cultures studied belongs to the GC type, i.e., the ratio (G + C)/(A + T)> 1. It is known i 
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from Chargaff's papers that different DNA may exhibit specificity despite their common composition relation- 
ships. All the differences which can exist between different DNA find their expression in the magnitude of the 
ratio (G + C)/(A + T). This ratio is the most characteristic criterion of specificity of their composition, Com- 
parison of the values of this ratio for the cultures studied by us shows that it varies sharply from 1.1 for B.coli 
to 2.0 for the Alkaligenes, and then again reaches a value of 1,24 for the paratyphoid organism, which is almost 
the same as the value for B,breslau, Consequently a clearly defined specificity of DNA composition is seen 
in the original and experimentally modified forms of related bacteria. 


It must be pointed out that, with respect to the type of DNA in B.coli, our results do not agree with those 
of Chargaff [12], who found its DNA to have a tetranucleotide composition, i.e., (G +C)/(A + T)= 1. This 
discrepancy can hardly be attributed to differences between strains, as we also studied another strain (B,coli I). 
The DNA composition of the two strains did not differ appreciably, the ratio (G + C)/(A + T) being of the order 
of 1,1 in both cases (1,10 for B.coli "SM" and 1.14 for B,coli I). Chargaff et al. [12] in their studies of DNA 
of B.coli used only native DNA preparations obtained by direct salt extraction (with 10% NaCl) of nucleo- 
proteins in the cold, followed by removal of proteins by chloroform, However, according to our results, cold 
10% NaCl does not give complete extraction of all the DNA of B.coli; We are therefore inclined to believe 
that Chargaff's preparations did not consist of all the DNA of B.coli, but only a definite (probably the major) 
part, and this may account for the discrepancy between our data for the total DNA of B.coli_ and Chargaff's 
data. 


DISCUSSION OF RESULTS 


In a comparison of the RNA and DNA compositions (see Tables 1 and 2) of the original and experimentally 
derived forms of bacteria, the first striking fact is that DNA shows distinct qualitative differences and changes, 
while the RNA composition remains unchanged, The composition of DNA and its variations are well correlated 
with changes of all the hereditary properties. Thus, the Alkaligenes, derived from B.coli but constituting a 
form distinct in its biological [2,3], chemical [1], and antigen [3] characteristics from both its original culture 
and the "directing" B,breslau culture, differs just as sharply in the composition of its DNA. The paratyphoid 
organism which is formed from the Alkaligenes by further action, and which is a culture similar to the " directing” 
culture (B.breslau) [1-3], also resembles B,breslau in the composition of its DNA. In the light of these results 
it is difficult not to associate the specificity of the cell DNA with the entire specific characteristics of the 
organism. The correlation of the changes in the specificity of DNA composition with changes of antigen 
specificity in the cultures studied [1,3] suggests a possible connection between DNA and the specificity of 
protein synthesis, the biological mechanism which determines this protein specificity, A most interesting 
fact is tha. RNA, which is considered by many to be responsible for protein synthesis, does not vary in com- 
position with such deep specific changes in the cell proteins, The question then-arises, can a specific role in 
protein synthesis be ascribed to RNA only? Further, is it possible to accept without qualification the view that 
a direct genetic relationship exists between DNA and RNA in the cell? It is hard to believe that, with such 
large differences in the composition of the DNA, the latter can in some measure determine the synthesis of 
RNA so similar in composition, just as it becomes difficult to accept the possibility of direct conversion of 
DNA into RNA ane vice versa, 


In our opinion some light may be shed on these questions by further studies of changes in DNA and RNA 
during extensive experimental mutability of differences of RNA and DNA between closely related species, and 
finally, by detection of nucleic acid heterogeneity within one and the same organism, 


SUMMARY 


The methods of quantitative paper chromatography in conjunction with ultraviolet spectrophotometry 


have been used for a comparative study of the compositions of RNA and DNA in certain bacteria of the coli 7" : 
group, both original forms and mutants derived from them experimentally. The RNA and DNA compositions 2 


were studied in the entire bacterial mass and not in isolated preparations. 


Modification of B.coli_under the "directing" influence of killed B,breslau bacteria produced considerable 
changes of the DNA composition, correlated with changes of hereditary properties, while the RNA composition 
remained unchanged in all the cultures studied, 
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EFFECTS OF THYROIDINE AND 6-METHYLTHIOURACIL ON 
ADRENALINE METABOLISM IN SKELETAL. 
MUSCLES AND THE BRAIN. 


A. M. Utevsky and M. L, Butom 
Department of Biochemistry, Ukraininan Institute of Experimental » 


Endocrinology, Kharkov 


The skeletal muscles constitute a system in which the potential energy of complex chemical compounds 
is converted into kinetic energy of contraction, in which metabolism gives rise to mechanical movement and 
work, This system has been biochemically studied for a number of years from all aspects. The enzyme systems 
of skeletal muscle have been used for the most detailed and complete investigations of glycolysis and respir- 
ation, of formation and decomposition of macroergic compounds such as adenosine triphosphate, creatine 
phosphate, and others. 


While the metabolism of the “energy” substances of muscle is one of the most deeply and thoroughly 
studied fields of modern biochemistry, the question of vitamin and hormone metabolism in muscle tissue has 
remained quite inadequately studied, 


The literature data on this question are largely confined to several reports on the ability of muscle to 
bind and split insulin (by means of the enzyme "insulinase") and to bind thyroxine, and to data obtained in 
our laboratory on the metabolism of adrenaline and adrenaline-like substances in the muscle, on the influence 
of sympathetic and motor nerve impulses on these processes, and on the influence of substances which alter 
the functional state of the central nervous system (urethan, chloral hydrate, caffeine) on adrenaline metabolism 
in the muscle. An attempt at an approach to a study of adrenaline in muscle is found in Raab's paper [1]. 


In our previous investigations [2-4] it was shown on frogs that irritation of the sympathetic nerve by an 
electric current produces changes in the ratio between muscle adrenaline (AD) and its reversibly oxidized 
form, dehydroadrenaline(DAD), DAD vanishes from the muscle almost completely, and the AD content in- 
creases. This effect is not removed by curare but is removed by ergotamine, 


In prolonged experiments on rabbits it was shown that, when the thigh muscles of the hind limb are 
stimulated by an induction current, the “sympathetic effect" described above — disappearance of the reversibly 
oxidized form of AD-like substances and increase of the contents of the reduced form of these substances in 
the muscle — is usually found, not in the stimulated muscle, but in the corresponding muscle of the other hind 
limb, which had not been directly stimulated, but was in a state of "rest", and was to serve as a “control” for 
the stimulated muscle, The “control” muscle showed changes in AD metabolism, which indicated, as it were, 
its "readiness for work". 


The question of the nature of the AD-like substances found in skeletal muscles is highly complex and can- 
not be regarded as solved. As is known, the specificity of Shaw's method of adsorption colorimetry [5] in- 
creases somewhat with the aid of the so-called "alkali effect". Adrenaline differs from many other sub- 
stances in that its reducing power (toward sodium arsenomolybdate) increases considerably on addition of 
alkali. The ratio of the reducing power of a given substance with added alkali to the reducing power of the 
same substance without addition of alkali, is known as the "specificity coefficient" (SC), According to Shaw, 
Raab, and others, SC for adrenaline must be not less than 2 (pure solutions of adrenaline have higher 
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specificity coefficients, about 5 and over), 


We often found values for SC corresponding to adrenaline (2 and over) in skeletal muscle, This could 
lead to the conclusion that the muscle contains adrenaline, However, investigations of the same trichlore- 
acetic acid muscle extracts as were used for adrenaline determinations by Shaw's method, by a more specific 
differential fluorescence method developed by Osinskaya in our laboratory, showed that "true" adrenaline is 
not usually present in skeletal muscles of rabbits, Fluorescence analysis performed by Osinskaya and ourselves 
showed that the skeletal muscles of rabbits contain certain amounts of noradrenaline and a substance having 
the properties of an oxidation product of adrenaline of the dihydroindole type (leucoadrenochrome or 
lcucooxoadrenochrome), Further investigation is necessary for differentiation between these substances. 


All the foregoing applies to a considerable extent to AD-like substances of the brain. Investigations per- 
formed by Osinskaya and ourselves show that the brain, like the muscle, contains a mixture of AD-like sub- 
stances, Fluorescence analyses, which should be continued and extended, show that brain tissue fairly often 
contains noradrenaline, and also products of extensive oxidation of adrenaline (with dihydroindole structure). 


After certain laws of the nerve regulation of the metabolism of AD-like substances in muscles had been 
established, our next task was to determine the influence of thyroidine and 6-methylthiouracil on these pro- 
cesses, 


These investigations were based, first, on the numerous observations by various authors indicating the 
influence of the thyroid gland on the functions of the sympathetic-adrenalsystem, and the influence of the 
sympathetic-adrenal system on the thyroid gland, and second, on the data found in the literature concerming 
disturbance of muscle activity in dysfunction of the thyroid gland, 


Together with investigations of the metabolism of AD-like substances in stimulated muscle tissue and 
in muscle of the other extremity at rest, we also studied AD-like substances in the brain of experimental 
animals (in the motor area of the cortex of the right and left hemispheres), 


Study of the nature and metabolism of AD-like substances in the nervous system, and especially in 
functionally distinct areas of the brain, presents an independent, large,and complex problem, for which 
special experimental techniques must be developed, 


EXPERIMENTAL METHODS 


The AD-like substances in the muscle and brain of all the animals were determined by Shaw's adsorption 
colorimetric method (with the so-called SC taken into account), The reversibly oxidized forms of the AD-like 
substances were determined by the method of Utevsky and Butom [3] (reduction with ascorbic acid followed by 
adsorption colorimetry), 


The stimulation was effected by a current from an induction coil through a stepdown transformer. The 
distance between the primary and secondary coils was 10-12 cm. The stimulation was continued for 10 min- 
utes. The animals were fed withthyroidine for 3 months, each animal receiving from 0.5 to 0.8 g thyroidine 
daily (on the average 0,25-0.30 g per 1 kg body weight). In the experiments with 6-methylthiouracil, the 
rabbits were given 0,25 g per 1 kg body weight for 25 days, 


EXPERIMENTAL DATA 


Table 1 contains data on the contents of Ad-like substances in the muscles of the right and left rear ex- 
tremities of intact rabbits, As in numerous early experiments, we found reduced and reversibly oxidized forms 
of AD-like substances in the skeletal muscles. The SC of these substances was fairly high in nearly every 
case, and corresponded to the specificity coefficient of adrenaline, which enabled us to use the provisional 
terms "muscle adrenaline* and “muscle dehydroadrenaline" for these substances in the earlier papers. We have 
now found, as was stated above, that the muscles contain a complex mixture of AD-like substances and their 
conversion products, 


On stimulation of the thigh muscle in the right extremity by an electric current we found, as in our 
earlier investigations, characteristic changes in the corresponding muscle of the other rear extremity, which 
to some extent reflect neurohumoral preparation of the muscle for work, The reversibly oxidized form of 
AD-like substances is not found at all in the left muscle (corresponding to the stimulated right muscle), The 
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TABLE 1 


Effect of Stimulation of Muscle Tissue in the Right Rear Extremity of the Rabbit on the 
Contents of Adrenaline-like Substances (in pg %) in the Muscles of the Rear Extremities 


Control animals Stimulated animals 


AD |_ sc ap] sc [pap] ad| sc] pap] AD| DAD pap | ap | sc | pap] sc | DAD] AD| sc | DAD 
14.8 | >5 14.8 26.2 
23.5 | 3.1 21.0 19.2 
21.0 | 2.3 19.2 13.8 
14.8 18.4 14.8 
18.4 16.8 18.4 
12.8 10.0 10.0 
22.0 18.0 

27.6 

36.8 

25.6 

20.0 


13.0 
17.4 
18.4 
18.4 
24.0 
17.4 
24.0 
0 
48.0 
29.6 
38.4 
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SC of the AD-like substances was low in most of the experiments, indicating qualitative changes in the 
system of AD-like substances. 


TABLE 2 


Effect of Hyperthyroidization on Contents of AD-like Substances (in yg % in the 


Muscles of Rear Extremities of Rabbits on Stimulation of the Muscle in the Right Rear 
Extremity, 
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0 0 
0 0 
0 0 
0 0 
0 0 
4 9. 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


In animals which received thyroidine for prolonged periods, the reversibly oxidized form of AD-like sub- 
stances disappeared from the muscle (Table 2). The SC of the AD-like substances in the muscles was, in a 


number of cases, lower than in the muscles of the control animals, which indicates qualitative changes in the 
system of AD-like substances in the muscle on hyperthyroidization, 


Stimulation of the muscles of the right rear extremities in animals which received thyroidine (Table 2) 
is accompanied by the following effects. The directly stimulated muscles in a number of instances have low 
contents of AD-like substances and (in some cases) the reversibly oxidized forms are present, In the correspond- 
ing muscles of the other extremities the contents of AD-like substances are somewhat higher and they con- 
tain hardly any of the reversibly oxidized form of these substances, There is also some change in the SC of 
the AD-like substances, The SC in the stimulated and corresponding muscles is considerably lower in most of 
the experiments than in the muscles of animals which received thyroidine but were not subjected to stimu- 
lation, This indicates that qualitative changes occur in the system of AD-like substances in the muscles 
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during work and “preparation for work" against a background of hyperthyroidization, 


Together with the studies of AD-like substances in muscles during prolonged administration of thyroidine 
to rabbits, we performed a series of experiments to study the effects, on the same processes in the muscles, of 
6-methylthiouracil, which is an antithyroid substance inhibiting the action of the thyroid gland. 


Administration of 6-methylothiouracil to the animals is accompanied by disappearance of the reversibly 
oxidized form of AD-like substances from the muscles of the experimental animals (Table 3). Thus two 
apparently opposite influences — administration of thyroidine and of 6-methylthiouracil — seem to produce the 
same effect. The explanation may be that changes in the relative amounts of AD-like substances and their 
reversibly oxidized forms readily occur under various influences and constitute a peculiar reaction of the 
sympathetic-adrenal system to any irritant, However, together with a certain similarity, a difference between 
the effects produced by throidine and 6-methylthiouracil may be seen, namely that in the action of 6-methy- 


Ithiouracil the SC of AD-like substances in nonstimulated muscles was not below two, which is often the case 
in hyperthyroidization., 


TABLE 3 


Effect of Muscle Stimulation on the Contents of AD-like Substances (in yg % in the 
Muscles of Rear Extremities of Rabbits During Depressed Functioning of the Thyroid 
(by the Action of 6-Methylthiouracil) 


, With 6-methylthiouracil and stimulation of 
the muscle of the right rear extremity 


right _ left right left 
_AD | sc | DAD] aD | sc | — ap | sc | pap| ap | sc | paD 
| 


38.4 
48.2 
29.6 
76.0 
27.6 
33.6 
40.0 


29.6 
68.0 
48.0 
66.0 
62.0 
64,0 
22.0 
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On stimulation of the thigh muscles of one extremity by an electric current and investigation of the AD- 
like substances in the stimulated working muscle and in the corresponding muscle of the other extremity, the 
results found were somewhat different from those in analogous experiments on control animals and on animals 
which received thyroidine for prolonged periods. The contents of AD-like substances in stimulated working 
muscles in animals which received 6-methylthiouracil are usually somewhat higher than in the corresponding 
muscle (in 5 experiments out of 7). The SC of AD-like substances falls sharply in the muscles of the. right 
and left extremities. This, as was noted above, is found also in stimulation of the muscles against a back- 
ground of hyperthyroidization, 


The results show that the function of the thyroid gland plays an important role in the metabolism of 
adrenaline-like substances in muscles, and this is especially pronounced on stimulation, when the muscles are 
under functional load. Special investigations are needed to determine the functional significance of these 
processes. Special interest attaches to the question of the significance of the functional state of the thyroid 
gland in the adaptational-trophic (in Orbeli's terminology) action of the sympathetic nerves and of the sym- 


pathetic-adrenal system as a whole on processes which characterize “preparation for work" in the skeletal 
muscles, 


Simultaneously with investigations of the contents of AD-like substances in muscle tissue, we studied, 
by the same experimental techniques and on the same animals, the AD-like substances in brain tissues (in the 
motor area of the cortex of the right and left hemispheres), The aim of these investigations was todetermine: a) 
the influence of administration of thyroidine and 6-methylthiouracil on the contents and nature of the AD-like 
substances in the brain tissue; and b) the influence of muscle stimulation against a background of administered 
thyroidine or 6-methylthiouracil on the contents and nature of the AD-like substances in the brain tissue. 
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We first carried out corresponding investigations of the contents of Ad-like substances in the moto- 
- area of the cortex of the right and left brain hemispheres in intact rabbits and in rabbits in which the muscles 
of one (the right) rear extremity were stimulated by an electric current (Table 4). 


TABLE 4 


Effect of Stimulation of Muscles in the Right Rear Extremities of Rabbits on the Con- 
tents of AD-like Substances (in yg % in the Brain (Motor Area of the Cortex of the 
Right and Left Hemispheres) 


Control animals Stimulated animals 


Right hemisphere left hemisphere right hemisphere | left hemisphere 
aD | DAD 


AD | sc | DaD| aD | sc |DAD| AD | sc | DAD 


1.6 0 23.0} 1.6 0 38.4} 1.3 0 78.0] 4 0 
1 0 98.0} 4 0 60.0} 1.2 0 94.0] 1 0 
2.2 | 24.0] 26.0] 2,2 | 22.0} 46.0] 1.3 | 28.4] 36.8] 1.6 0 
2.4 4.0} 32.0] 2.4 6.0] 36.0] 2.8 0 46.0| 1.3 0 
1.8 0 52.0] 1.8 0 64.0 | 1.4 0 84.0] 1 0 
2.2 0 36.0] 2,2 0 44.0} 1.3 0 58.0} 1 0 
1.6 0 24.0} 1 0 22.0} >5 0 22.0] 1 0 
2.3 0 25.6] 2.3 0 33.6} >5 0 72.0| 1 0 
3 0 38.4] 3 0 31.0] >5 0 52.0] 1 0 
2.5 0 36.8] 2.4 0 38.4 | 2.4 0 60.0} 1 0 
>5 0 38.4] >5 0 29.6 | >5 0 40.0} 1 0 


In intact rabbits, the motor areas of the cortex of the right and left brain hemispheres contain 
similar, fairly appreciable amounts of AD-like substances. The SC of the AD-like substances in the brain is 

in some cases higher than two, and thus approaches the specificity coefficient characteristic of adrenaline, 

and in other cases it is below two, Fluorescence analysis of the brain tissue indicates that it contains a mixture 
of AD-like substances and their conversion products, The reversibly oxidized form of the AD-like substances 

is almost completely absent in the brain. 


Stimulation of the muscles of the right rear extremity induces peculiar changes in the AD-like sub- 
stances of the brain, The SC of the AD-like substances in the motor area of the cortex of the left brain 
hemisphere is low in nearly every case, becoming equal to 1 (somewhat higher in only two instances), Such 
changes in the AD-like substances were not found in the motor area of the cortex of the right hemisphere, 
ipsilateral with the stimulated muscle. 


TABLE 5 


Effect of Hyperthyroidization on the Contents of AD-like Substances (in pg % in 
Rabbit Brain (Motor Area of the Cortex of the Right and Left Hemispheres) 


Hyperthyroidization 
right hemisphere left hemisphere 


ap | sc |pap| aD |sc_ | DAD 


Control 


right hemisphere left hemisphere 
ap | sc _!pap| ap 


94.0 | 1.6 0 88.0} 1.6 0 68.0} 1.3 | 0 62.0} 1.1 | 0 
84.0 | 1.38] 0 88.0} 1.3 0 82.0} 1.8 | 0 82.0} 1.8 | 0 
82.0 | 1.4 0 86.0 | 1.4 0 52.0} 2.2 | 0 50.0} 2.2 |] 0 
80.0 | 1.28] 0 80.0} 1.2 0 48.0} 3.0 | 0 44.0] 3 0 
74.0 | 1.4 0 80.0} 1.4 0 60.8} 2.8 | 0.0 | 60.4] 2.8 | 0.0 
56.0 | 1.5 | 44.0] 50.0] 1.5 | 29.6 |] 70.0) 3.0 | 4 74.0) 3 6 
74.0} 1.3 | 0 74.0} 1.3 | 0 
82.0 | 1.4 0 86.0} 1.4 0 88.0; 1.8 | 0 92.0} 1.8 | 0 
68.0} 1.5 | 0 72.0} 1.5 | 0 
— {102.0} 1.14 | 0 102.0) 4.1 | 0 
— 104.0) 1.6 | 0 100.01 1.6 | 0 


Administration of thyroidine to rabbits (hyperthyroidization) does not produce regular changes in the 
contents and nature of the AD-like substances in the brain tissue (Table 5), Similarly, administration of 6- 
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methylthiouracil produces no regular changes in the contents and nature of the AD-like substances in the brain 
tissue, The amounts of AD-like substances and their SC generally vary within the same limits as in control, 
intact rabbits (Table 7). 


However, thyroidine and 6-methylthiouracil are found to influence the AD-like substances in the 
brain tissues if the experiments are performed with stimulation of the muscles (procedure described above); 
see Table 6 and 7; As was noted above, in intact rabbits,stimulation of the muscles of the right rear ex- 
tremity by an electric current produces certain changes in the AD-like substances of the motor area of the 
cortex of the left brain hemisphere. Thus, in these experimental conditions a difference in the nature of the 
AD-like substances in the motor areas of the right and left hemispheres of the brain can be found. 


This difference is not found, however, if the animals are first subjected to the action of thyroidine 
or 6-methylthiouracil. In these conditions, stimulation of the muscle of one extremity by an electric current 
is not accompanied by changes in the contents and nature of the AD-like substances in the motor area of the 
cortex of the right and left hemispheres of the brain, This seems to suggest that disturbance of the thyroid 
gland function influences the metabolism of AD-like substances in the brain tissue, and some sort of fine 
differentiation of these processes is "obliterated". 


The phenomena in question are highly complex and require further systematic investigations for 
their clarification. These investigations should proceed in the direction of differentiation of the AD-like 
substances in muscle and nerve tissues, and determination of their functional significance. At the same time, 
there is already sufficient justification for saying that such agents as thyroidine and 6-methylthiouracil have 
an influence on certain aspects of the metabolism of AD-like substances in muscle and brain tissues. This 
influence is more pronounced when these effects are studied in conditions of muscular stimulation, This 
provides certain data for evaluating the significance of the functional state of the thyroid gland in the function 
of one of the " mediator systems” in the muscles and brain, 


TABLE 6 


Effect of Hyperthyroidization on the Contents of AD-like Substances (in yg % in the 
Brain(Motor Area of the Cortex of the Right and Left Hemispheres) of Rabbits with 
Stimulation of the Muscles of the Right Rear Extremity 


ground of ie 


Stimulation against a back 


Hypherthyroidization hyper-thyroidization 


right hemisphere | left hemisphere right hemisphere left hemisphere 


AD | sc lpap AD | SC | DAD| AD | SC | DAD| AD SC | DAD 
74.0; 14 0 74.0 1 0 68.0 1 24.0} 84.0 | 1.6 | 0 
88.0} 1.7 | 0 92.0 | 1.7 | 0 50.0 1 0 12.8 1 0 
68.0] 1.7 | 0 72.0 | 1.5 | 0 68.0 1 24.0} 84.0 | 1.6 | 0 
102.0] 1.4 | 0 102.0 | 1.4 |] 0 66.0 1 18,0 | 106.0 | 1.2 | 0 
104.0] 1.7 | 0 106.0 | 1.7 |] 0 54.0 1 0 54.0 1 0 
20.0; 1 0 31.2 1 0 74.0 | 1.6 0 68 .0 1 16.0 
80.0} 2.2 | 0 76.0 | 2.5 | 0 70.0 | 1.5 0 54.0 | 1,2 | 0 
40.0} 3 | 12.0] 44.0 3 12,0 || 44.0 1 0 64.0 | 1.3 |] 0 
40.0} 1 0 44.0 1 0 66,0 | 1.7 0 60.0 | 1.7 | 12.0 
122.6] 1.4 0 126.0 | 1.1 0 80.0 | 1.2 | 12.0] 36.8 1 

42.0) 1 0 48.0 1 0 46.0 | 1.2 0 36.8 i 8 
114.0] 1 0 116.0 1 0 106.0 1 O | 114.0 1 0 
36.8} 1.6 | 0 46.0 1 0 118.0 1 0 | 118.0 1 0 
88.0] 1.3 | 0 102.0 | 1.3 | 0 84.0 1 0 | 100.0 | 1.4] 0 
88.0 | 1.7 | 0 92.0 | 1.7 | 0 0 0 0 0 

SUMMARY 


In addition to reduced AD-like substances, muscles contain their reversibly oxidized forms. The 
AD-like substances in muscle usually have a “specificity coefficient" (SC) greater than two, and in a number 
of cases its value is very high, Prolonged administration of thyroidine leads to disappearance of the reversibly 
oxidized forms of AD-like substances in the muscle, and is accompanied by a considerable decrease of SC. 
Adminstration of 6-methylthiouracil also leads to disappearance of the reversibly oxidized forms of AD-like 
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TABLE 7 


Effect of Stimulation of Muscles of the Right Rear Extremity on the Contents of AD- 
like Substances (in yg %%@ in Rabbit Brain (Motor Area of the Cortex of the Right and 
Left Hemispheres) with Depressed Function of the Thyroid Gland (Administration of 
6-Methylthiouracil) 


With 6-methylthiouracil and muscle 


With 6-methylthiouracil stimulation 
- AD | sc | DAD | AD sc | DAD|; AD | Sc | DAD| AD | SC | DAD 
86,0 | 2 0 78.0 | 2 0 68.0 | 1.3 | 0 0 | 0 
74.0 | 1.3 | 0 68.0 | 1.3 0 72.0 | 4 0 72.0 | 1 0 
8&0] 2 0 88.0 | 2 0 78.0 | 4 0 88.0 | 1.4] 0 
82.0 | 1.1 | 0 86.0 | 4.4 0 80.0 | 1.5 | 0 96.0 | 1.6] 0 
100.0 | 1.3 | 0 108.0 | 1.3 0 20.0 1 0 92.0 | 1.0 0 
92,0 | 1.3 | 0 48,0 | 1.3 0 92.0 | 14 0 | 114.0 | 1.2] 0 
96.0 | 1.3 | O | 100.0 | 1.35] 0 94.0) 1 0 | 100.0 | 1.4] 0 


substances in the muscle, but the SC does not change significantly. 


When muscles of one extremity are stimulated, changes in the AD-like substances and in SC occur 


in the corresponding muscles of the other extremity. Thyroidine and methylthiouracil have some influence on 
these changes, 


. Certain changes in the AD~like substances and SC are also found in the motor area of the cerebral 
cortex on the side opposite to the side of stimulation (the SC of the AD-like substances is considerably lower 
than in the corresponding area of the other side), This difference is not found if the animals are first subjected 
to the action of thyroidine or 6-methylthiouracil. 


Received August 30, 1956. 
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CHANGES IN BLOOD SERUM PROTEINS DURING THEIR PARTICIPATION 
IN TRANSFER OF VARIOUS SUBSTANCES 


G. V. Troitsky and D. A. Sorkina 


Chair of Biological Chemistry, Crimean Medical Institute, Simferopol 


One of the important physiological functions of blood plasma proteins is their participation in the 
transportation of substances insoluble in water, such as lipids, These form water-soluble complexes with the 
proteins, The role of proteins in the transfer of various substances is not confined to the functions of 
solubilizing agents, It is also significant in cases in which water-soluble substances which actively 
react with the proteins enter the blood [1]. In such cases the physiological significance of the complexes 
formed may be determined by the influence of the protein on the decrease in the permeability of the vessels 
to the low-molecular component which, naturally, improves the transfer conditions, It is possible that the 
proteins act as detoxicating agents: by lowering the chemical activity of a compound entering the blood by 
forming a complex with it, they make its transfer safer. 


Changes must occur in the blood proteins irrespective of whether they form adsorption complexes with 
lipids, or whether the proteins combine chemically with metabolites or alien substances entering the blood 
stream, Thus, the transfer function must evidently involve changes in the blood proteins themselves. Develop- 
ment of methods by which such changes can be detected, and determination of the range in which they can 
occur, should be of significance in advancing our knowledge of the protein composition of the blood, 


It was natural to assume that these changes are easier to detect when substances which actively com- 
bine with the proteins enter the blood. In this paper,experiments are described on the subcutaneous injection 
of certain aldehydes into rabbits. Substances containing the aldehyde group react actively with proteins [2,3] 
and, as will be shown below, when they are injected into rabbits the reaction products can be detected in the 
blood. Moreover, investigation of the effects of aldehydes on the protein composition of the blood is of inde- 
pendent importance, as some aldehydes are used in the production of blood substitutes from pooled blood, 
while others have antisclerotic properties [4]. The results of in vivo and in vitroexperiments with the same 
aldehydes and certain quinones are compared. 


EXPERIMENTAL METHOD 


The experiments were carried out with rabbits of both sexes, 1200-2000 g in weight. The aldehydes 
were injected subcutaneously in the ventral region in 0,5-1.0 ml doses, Formaldehyde was injected in the form 
of 40% aqueous solution, while acetaldehyde and butyraldehyde were used undiluted, 5,0 ml of blood was 
taken from the external ear vein 30 minutes before the injection and on the 3rd day after injection, The in- 
vestigations were performed by the free electrophoresis method (Tiselius method) with optical recording by a 
procedure described previously [5]. Veronal buffer with pH 8.6 and y = 0,1, was used, 


The effects of various substances in the in vitroexperiments were studied by incubation of blood serum 
with various compounds inthe dark, with access of air, at 37 for 24 hours. The changes were also determined 
electrophoretically. 


In the experiments with formaldehyde, an immunological comparison of different serums was carried 
out, The following procedure was used for the precipitation reaction, The immunizing serum was subcutane- 
ously injected in the ventral region of the rabbit in the following amounts; Ist day,0.5; 3rd day,0.8; and 5th 
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day 1,0 ml, On the 7th day after the last injection blood blood samples were taken from the external ear vein 
for testing for the presence of precipitins by the ring precipitation redaction. 


RESULTS 
1. Changes in the Protein Composition of Blood Serum in Exper iments In Vivo 


Injection of aldehydes into the rabbits did not usually produce local inflammatory reaction, or else 
such reaction was only weak, In cases in which the inflammation was considerable, the results were considered 


separately, No general reaction was observed externally; in general the animals tolerated the injections 
satisfactorily. 


TABLE 1 


Changes of Protein Fractions and Total Protein in Rabbit Blood Serum after Subcutaneous 
Injections of Formaldehyde: 


Contents of protein fractions as % of total 
Total 


rotein 
A a a’ 8 


After injection 
Original 
Difference 
After injection 
Original 
Difference 
After injection 
Origina 
Difference 
After injection 


Bitference 


After injection 


Bitference 


After injection 
Original 
Difference 
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0 
6 
9 
2 
2 
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2 
8 


Soo 


+ + 
| 


Note, In this and all subsequent tables; A-— albumin; a, a’, 6,and y — corresponding globulins. 
In Experiment 5 the sum of a’ + a"*is given (in the a’ column), 


The results of the experiments with formaldehyde, given in Table 1, show that subcutaneous in- 
jections of 1.0 ml of 40% formaldehyde solution do not cause any changes of the total blood serum protein in 
rabbits, The relative proportions of the fractions change considerably. First, we note the appearance of a new 
fraction, not found in normal rabbit serum. This fraction has been designated as a’. This protein was found 
in all the experiments except Experiment 6, in which the content of the 6 fraction increased, Two new 
proteins, «' and «'', were found in Experiment 5, A considerable decrease of albumin was found in all ex- 
periments, The changes in the amounts of y-globulins were slight in all cases except Experiment 4, where a 
considerable inflammatory reaction at the site of injection was found, The sum of all the a-globulins 
(including c') was always considerably greater than the original values, 


Fig. 1(1) shows electrophoretuc data typical for the experiments with formaldehyde. The curve with 
the additional fraction (a') is given here. Fig, 2 also shows a curve from the same series of experi- 
ments, but with the a’ fraction absent; in this case the §-globulin peak is increased, 


A considerable increase in the mobility of the protein fractions was observed in two experiments. As 
the results in Table 2 show, the mobilities of the protein fractions of rabbit blood serum before injection of 
formaldehyde agreed with data in the literature [6]. If the proteins are to be identified, as usual, by their 
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Fig. 1. | Change in the form of the electrophoretic curve under the 
influence of formaldehyde: 
electrophoresis for 2 hours at 5 v/cm; 1) blood serum before the 
action of formaldehyde; 2) after the action, I) Injection for for- 
maldehyde into the rabbit; I) treatment of rabbit blood serum with 
0.02% formaldehyde (incubation time 2 hours); III) ditto, but incub- 
ation time 24 hours. 
mobilities, then on the basis of the data in Table 2,the names of the protein fractions should be changed: the 
albumin should be regarded as a new protein, as its mobility is too high, a-globulin should be classed with 
the albumins, etc. However, since the form of the elctrophoretic curve showed little change (Fig. 1), the 
; usual names for the protein fractions were retained. It must be admitted that in these experiments, in 
addition to the appearance of specific fractions, a uniform change took place in all the blood proteins under 
the influence of the injected formaldehyde. 
TABLE 2 
Changes of Electrophoretic Mobility of Serum Proteins after 
7 Injections of Formaldehyde 
7 Mobility of protein fractions in cm*y~4sec™! x 
State of animal acl 
5 | Original 57) 39] — 2.9 | 1.5 
After 6.1 5.0 4.4 3.5 1.8 
6 | Original 3.9 3.2 1.7 
Alter injection. 76 | 56] 
Table 3 gives the average resuits of experiments on injection of acetaldehyde and butyraldehyde 
into rabbits, Fig. 2 shows electrophoretic curves relating to the experiments with these aldehydes. These re- 
sults show that no changes in the blood proteins were observed on injection of acetaldehyde, which is perhaps 
the result of its rapid destruction at the site of injection. In one experiment (2) there was a considerable de- 
crease of albumin concentration and an increase of y-globulin concentration, Considerable local inflamma - 


tion developed in this rabbit. 


Injection of butyraldehyde produced the same changes as were observed under the action of formalde- 
hyde - the aq fraction was found in these cases also, The variations of mobility for these aldehydes were 
within the limits of experimental error. 
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Fig, 2. Variations in the electrophore- 
tic curves of blood serum under the in- 
fluence of various substances: 


1,4,7) blood serum of healthy rabbits; 2) 
serum of rabbit after injection of formalde- 
hyde; 3) ditto, but a’ fraction absent; 

5) rabbit blood serum after incubation 
with 0.1% acetaldehyde (2 hours) 6) 
ditto, incubation time 24 hours; 8) serum 
after injection of butyraldehyde; 9) 
rabbit blood serum after incubation 

with butyraldehyde; 10) native bull 
blood serum; 11) ditto, after incubation 
with p-benzoquinone; 12) ditto, but 
after incubation with quinhydrone, 


2 Changes in Blood Serum Proteins in 
Experiments in Vitro 


The results of the above experiments were com- 
pared with results Obtained by in vitro treatment of 
rabbit blood serum with the same aldehydes, The re- 
sults of electrophoretic investigations of serum in- 
cubated with aldehydes are given in Table 4, 


It is seen from Table 4 that there is almost 
complete agreement between the results of the ex- 
periments described in the preceding section and the 
results of the in vitroexperiments. The changes found 
in the in vitro experiments are of the same character 
as those found when the same aldehydes were injected 
into the animals. 


In the action of formaldehyde on the serum, the 
nature of the resultant changes depends on the alde- 
hyde concentration and the time of action, At 0,01% 
concentration,and incubation for 2 hours the changes 
almost completely reproduce the changes in living 
rabbits (see Fig, 1, I). After incubation for 24 hours, 
almost all the protein fractions of normal serum dis- 
appear, with the exception of q-globulin, the con- 
centration of which increases sharply (Fig. 1, II). 
The shape of the peak shows that the new protein 
formed, which we provisionally continue to call a- 
globulin, is electrophoretically homogeneous, 


Treatment with acetaldehyde produces similar 
changes, but at higher aldehyde concentrations, From 
this we may conclude that acetaldehyde reacts less 
vigorously than formaldehyde with the proteins, After 
incubation for 24 hours an additional fraction appears, 
which, by analogy, is designated a’. After incubation 
for 24 hours with a higher concentration of aldehyde, 


the a-globulin peak is again sharply increased (compare 


Fig. 2, 8, 9). Table 4 gives the results of experiments 
in which the composition of the original serum was 
varied; the results show that nevertheless the changes 
were of the same type. 


Treatment with butyraldehyde also results in 
the formation of an additional a fraction, Interpret- 
ation of the results of this series of experiments is 
made difficult by the fact that a small amount of an 
insoluble precipitate is often formed during incubation 
with this aldehyde, It is possible that a part of a- 


and 8 -globulins is precipitated and this accounts for the relative increase of albumin concentration, Buty- 
raldehyde reacts even less vigorously than acetaldehyde. 


It was also of interest to study the behavior of other substances, such as quinones, which also react very 
actively with proteins, Experiments on incubation of bull blood serum with various substances were carried 
out for this purpose, The results, given in Table 5, show that the protein composition of blood serum can also 
undergo considerable changes under the action of quinones and polyphenols, Benzoquinone and quinhydrone 
produce especially sharp changes. Vikasol produces a quite distinct change. Riboflavin apparently reacts less 
vigorously with the proteins, In all the experiments, quinhydrones and aldehydes disappeared during the in- 
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Aldehyde protein 
concentr time, 
used ration, % hours A | a a’ | 8 Y 
Formaldehyde 0.0 14,2 0 15.7 15.6 
0.04 46,5 0 0 0 
" 0.0 14,2 oon 15.6 15.7 
0.01 13.8 12.0 17.0 7.0 
Acetaldehyd 0.0 
ce e. y e 04 
0,0 
0.4 
0.0 
0.1 
Butyraldehyde 0.0 
y y 0:5 
0.0 
0.5 
0.0 
0.5 


TABLE 3 


Changes of the Total Amount of Protein and of Protein Fractions in Rabbit Blood Serum 
after in vivo Injections of Acectaldehyde and Butyraldehyde 


Contents of protein fractions as % of total 
protein 


State of animal when blood Total 
samples were taken 


Original (5 experiments) — 18.046 .0/22.0+6.9 
After of ace- 


taldeh — |20.04-3.0)23.043.6 
2. Original (1 experiment) 7.6 55.0 | 10.5 ~_ 2150 13.5 
ter i tion of ace- 
8.5 24.6 | 13.3 23,2 | 38.9 
3. Original(5 experiments) | 7.90.6] 4543.8 | 154.2] — 


Note, The number of experiments shown in each case refers both to the original state 
and to blood obtained after aldehyde injections, Mean vaiues + root means square 
errors are given, 


TABLE 4 


Changes in the Contents of Protein Fractions in Rabbit Blood Serum after in vitro Treat- 
ment with Aldehydes 


Contents of protein fractions as % of total 


Aldehyde Incubation 


cubation period (24 hours) and were not detected during dialysis, Riboflavin was largely present in the free 
state. However, the quite definite action of riboflavin on blood proteins suggests that a part of it is neverthe- 
less combined with protein, As Table 5 and Fig, 2 show, all the changes led to increases in the concentration 
of a-and g-globulins, The curves shown in Fig. 2,(11, 12) characterize both quinones and aldehydes 
equally. The diffence between the number of peaks given in Table 5 and in Fig, 2 (10, 11, 12) is explained 
by the fact that the curves were analyzed by resolution into normal distribution curves [17]. In this method 
the curve obtained for quinhydrone is subdivded into two peaks ( ay and ay) instead of one a-globulin peak. 
Thus, the action of quinones on proteins is analogous to the action of aldehydes, 
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TABLE 5 


Changes in the Contents and Mobilities of Protein Fractions in Bull Blood Serum after 
Incubation with Various Substances. The Contents of Protein Fractions are Given in % 
of Total Protein; Mobilities (U) in cm? y7! sec,7! x 1075, 


Fractions 


Substance used 


Original serum 
Ditto, after treatment with: 


Formaldehyde 
Acetaldehyde 
p~Benzoquinone 
Quinhydrone 
Vicasol 
Riboflavin 
Quinhy drone 
Ascorbic acid 


7.8) 5.1 | 22.5 
0 
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wow 


— 


© 


o 
ws) 


3. Results of Immunological Studies 


As was shown above, subcutaneous injections of the lower aldehydes into rabbits produce the same 
changes in the electrophoretic composition of the blood serum as those observed in direct treatment of the 
serum with the same aldehydes, In order to exclude errors caused by accidental correspondence of the electro- 
chemical characteristics of the proteins obtained in the in vivo and in vitro experiments, we used an 
immunological procedure. 


The precipitation reaction was used to compare blood sera obtained from animals injected with formalde- 
hyde with blood sera incubated with formaldehyde, as described above. 19 rabbits, divided into three groups, 
were used in the experiments, 


1) Rabbits immunized by normal serum of other rabbits (antigen 1), 2) Rabbits immunized by rabbit 
blood serum previously treated with formaldehyde in vitro (antigen 2), 3) Rabbits immunized by blood serum 
taken from another rabbit on the third day after formaldehyde injection (intigen 3), Antisera were obtained 
from each group; these were designated antibody I, antibody I, and antibody Ill, respectively. The results of 
the precipitation reactions, given in Table 6, show that the antigen properties of the sera obtained in in vivo 
and in vitroexperiments are very similar. This completely confirms the conclusions drawn from the results of 
electrophoretic analysis. 


TABLE 6 It seems likely that the antigen properties of 
serum treated with formaldehyde, or obtained from 
Results of Precipitation ; an animal after injection of the same aldehyde, are 
Reactions with Sera of associated with appearance of the a’ fraction. 
Immunized Rabbits 
DISCUSSION OF RESULTS 


& te teas coe In our opinion, the changes in the blood 
2 proteins described above can be explained in relation 
to the transport function of the proteins. Subcutane- 
ously injected aldehydes are washed away by the blood 
an a mn stream, This process is relatively slow, and such chem- 
| + ically active substances as aldehydes have time to com- 
bine with proteins, As a result, instead of the free alde- 
hyde, its complex with protein is formed, which leaves 
the blood stream more slowly than the free aldehyde 
would, The protein is itself changed in the process: 
apparently some of the albumin passes into the a- 


Note. The plus sign (+) 
denotes a positive pre- 
cipitation reaction at 1:16 
dilution, the minus sign (—) 
represents a negative react- 
ion at all dilutions, 
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globulin fraction (a'), and possibly other fractions are altcred also, The complex formed is a foreign protein, 
as it has precipitogenic properties, It is known that foreign proteins leave the blood stream and are taken up 
by organs containing reticuloendothelial cells, such as the liver [8]. The aldehyde is transported in this manner, 
and this simultancously causes changes iii, and possibly destruction of, a part of the serum proteins, 


It seems likely that such processes occur fairly frequently and it is possible that metabolites of high 
reactivity are transported by a similar route, A similar process may occur with different foreign substances. 
There are very good grounds for believing that aldehydes from the intestinal tract enter the blood stream, It 
is possible that the electrophoretic changes found in inflammation are caused by entry of substances of the 
aldehyde or quinone type into the blood, The electrophoretic changes observed by Surovikina [9] in suppur- 
ative inflammation greatly resemble those described in the present paper; for example, Surovikina reported 
the appearance of fractions analogous to a’. 


It should be noted that, under the action of aldehydes both in vivo and in vitro, the increase of a- 
globulins (including the appearance of the a’ fraction) is accompanied by a decrease of the albumin con- 
centration, This was demonstrated especially clearly in the previously published experiments of Troitskaya 
[10] with the unsaturated aldehyde citral, Similar behavior is also observed under the action of quinones 
(see Table 5), when the serum is heated to 60° [11], under the action of urea [12], and in certain other cases. 

It is well known that many diseases are accompanied by increases in the contents of «- and g - globulins 
(diseases of the liver and kidneys, inflammations, diseases of the cardiovascular system, and many others). 

If we disregard the fact that, in addition, the y-globulin content often increases in pathological conditions, 
we have the impression of a standard, uniform response of the blood serum proteins to variaus influences. 
Various chemical and physical agents in experiments outside the organism, and various chemical and biochem - 
ical influences on the blood in a pathological organism, produce the same effects — a decrease of albumins and 
an increase of the q-and g-globulin fractions (with or without additional fractions). Many such facts have 
accumulated in the literature, and require explanation, The possibility of biological conversion of albumins 
into globulins may apparently be admitted, It may be regarded as proved that a definite part of the globulins 
is synthesized anew from amino acids (for example, y ~globulins), The remarkable agreement between the 

in vivo and in vitro experiments suggests that there is also a third route — direct conversion of albumins into 
globulins by the action of certain substances circulating in the blood. A natural question arises in this con- 
nection; why are proteins of the sa:ne types revealed by electrophoreisis after the action of different agents ? 


Since the action of aldehydes on proteins produces the same results in electrophoresis as the action of 
heat, or of urea, the question of the nature of the chemical action of aldehydes becomes of secondary 
importance, and may be neglected in the first approximation. It seems likely that denaturation changes in the 
proteins are involved, irrespective of whether the aldehyde is combined or not. On this assumption a- and 
8 -blobulins should be regarded as denatured forms of proteins, produced by the action of many denaturing 
agents. Albumin passes most readily into this form, although y - globulin, under the action of formaldehyde, 
acetaldehyde,(see Fig. 1, Il and Fig. 2, 9) and heat, [11] also passes into the a fraction, 


It is known that the denaturation process is, to some extent, chaotic in character. Belitser et al, have 
shown this by an immunological method [13], It is difficult to imagine that a “chaotic macromolecular 
structure"’, denatured protein, should always appear in an electrochemical form of the same type, especially 
under the most diverse influences on different blood serum proteins. 


In our view these facts might be explained on the assumption that the appearance of high concentrations 
of ~ - and g-globulins is based on an adsorption mechanism, It was shown by us earlier that the highest 
adsorptive activity is found in g - and a-globulins, which form adsorption complexes more easily than the 
other blood proteins [7,14]. Other authors later reached similar conclusions [15,16]. Hence it may be 
supposed that denatured proteins (or proteins modified by some other means) form adsorption complexes with 
a - or with g-globulins, In the case of lipids it has been shown that g -globulin is adsorbed on the micelle 


surfaces and determines their electrochemical properties [14,7]. An analogous process may occur in the 
present instance. 


Such,apparently,is the mechanism on which the effects described in this paper are based, Returning to 
the experiments with aldehydes and quinones, we must point out that, apart from possible denaturation changes, 
substitution of the amino end groups by hydrophobic radicals (acetaldehyde or butyraldehyde residues) may 
have been of great significance. Such hydrophobization of proteins should increase their affinity for a-and 
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8~-globulins, as these proteins very readily associate with hydrophobic substances [7]. 


This hypothesis provides an explanation of the results obtained by Rozenberg et al, [11], who showed 
that denaturation by heat produces changes in serum which result in electrophoretic curves very similar to 
those given in the present paper. 


The frequently observed increases of a - and g-globulins in pathological conditions can be similarly 
explained, Although essentially varied, these changes appear to be of the same type in electrophoretic 
analysis, because of the adsorptive interaction between the modified proteins and a- and g-globulins, 


Literature data show that a- and g-globulins vary widely in chemical composition and are im- 
munologically heterogeneous [8]. On the basis of the above considerations it may be concluded that this ex- 
tremely varied group of substances has the common feature of high adsorptive capacity in the principal proteins 
of the group, The existence of such true a- and g~-g!obulins can be only postulated, as under normal 
conditions the research worker meets their complexes. 


SUMMARY 


Aldehydes increase the contents of a- and g-globulins in blood serum both on incubation and by sub- 
cutaneous injections into rabbits. In both cases additional fractions ( a ) are formed. The changes occurring 
in vitro and in vivo were demonstrated to be of the same type by means of free electrophoresis and by ring 
precipitation reactions, Analogous changes are observed in blood serum on treatment with certain quinones, 


It is probable that, because of the high adsorptive activity of 8 -and a-globulins, adsorption complexes 
are readily formed in the blood between the modified proteins and the principal protein constituents of the a-and 
8~-globulin group, and these determine the electrophoretic mobility of the complex, The transport of some low~ 
molecular substances (including those soluble in water) may occur with participation of blood proteins, which 
may become so modified in some cases that they are found most often in the a-and § ~globulin group. 


Received July 31, 1956. 
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FRACTIONATION OF BREAST MILK PROTEINS 
BY ELECTROPHORESIS ON PAPER 


B. M. Sumtsov 


Chair of Biochemistry, 2nd Moscow Medical Institute 


Electrophoretic investigations, with the aid of the Tiselius apparatus, of the milk of cows and other 
mammals [1-4] have shown that milk, like blood, contains a large number of individual proteins, The 
following fractions have been described in cow's milk: a-, §-, and y-casein, a-lactalbumin, 8 -lacto- 
globulin (corresponding to the protein formerly known as lactalbumin), immune globulins (including eugio- 
bumin, pseudoglobulin, and possibly a number of other components, corresponding to the former name of 
lactoglobulin), lipoproteins of the outer layers of the fat globules, and a combined fraction of microproteins, 
The protein composition of breast milk is less well known; this, according to electrophoretic analyses by the 
Tiselius method [1,2,4], contains 3-6 fractions of different, incompletely identified proteins, 


In 1953 Horst [5] investigated skimmed breast milk and its casein-free serum by electrophoresis on 
paper. He found only three fractions both in human breast and in cow's milk, while other workers, using the 
same method, described up to five fractions even in casein-free milk serum of cows [6] and goats [7]. Since 


Horst's paper does not contain illustrative material or a detailed description of the experimental conditions, 
it is difficult to assess the results. 


Kutacek [8] considers that sharp fractionation of cow's milk proteins by electronhoresis on paper can be 
effected only with the use of serum, while in work with whole or skimmed milk, that is, in presence of casein, 
the separation is not sharp enough, 


In 1955 Schulte [9] made a detailed study of the milk of cows, goats, and ewes, skimmed human breast 
milk and, in particular, casein-free acid sera, by means of electrophoresis on paper. He noted that several 
casein and noncasein fractions of skimmed milk have similar mobility in the electric field, and as a result 
the protein distribution curves along the elctrophoretic diagrams included a number of peaks embracing 2-3 
protein fractions together, To develop the protein spots in the diagrams he used ninhydrin, which reveals, in 
addition to proteins, also dialyzable fractions of low molecular weight (for example, those contained in glo- 
bulins). Amido Black 10-B, used for developing proteins, does not stain these fractions. The distribution 
curves obtained with the use of ninhydrin as developer showed, even for milk serum, a number of peaks which 
jointly included both dialyzable and nondialyzable fractions, and they did not correspond at all to the curves 
obtained by other workers [1,5] by electrophoresis of the same material in the Tiselius apparatus. However, 
the curves given by Shulte for breast milk serum purified by dialysis are practically identical with the electro- 
phoretic curves obtained by other authors [1,2]. 


We used electrophoresis on paper for separation of the protein fractions of whole breast milk, which was 
introduced into the apparatus 25-90 minutes after being obtained from the nursing mothers (13 clinically 
healthy mothers at different stages after, parturition were studied, so that the results refer to milk samples 
from the first to the eighth month of lactation). Fractionation of the skimmed breast milk and its rennet 


serum was carried out only for preliminary identification of the protein spots on the electrophoregrams for 
whole milk. 


Skimmed milk was obtained by threefold centrifuging in a laboratory centrifuge; for coagulation, to 4 
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ml of the milk, 2 ml of 1 % chymosin (made by the Moscow rennet and dye factory), containing 12 mg of CaCl, 
added during solution of the chymosin, was added. 1-2 drops of 12.5% citric acid was added, to give pH 5.5 
the optimum value for the action of the enzyme, and a clear serum was obtained after 2-3 filtrations (in some 
milk samples coagulation occurred only after incubation for 1-4 hours in a thermostat). 


The electrophoresis was performed in an apparatus of the type described by Flinn [10], with medinal — 
veronal buffer of ionic strength 0.05-0,.2 and pH 8.4, Strips of Leningrad chromatographic M-2 paper 3 x 40 
and 6 x 40 cm were impregnated with the buffer, and 0,025-0.20 mi of breast milk (14/, times the amounts 
were taken in the case of serum) was applied to each from a micropipet, in the form of a spot or a wide line 
not touching the edges of the strip. Electrophoresis was then carried out at room temperature for 9-35 hours 
at 170-330 v and 0,05-0,4 milliamp./cm; these conditions were varied according to the time of electrophoresis. 
At the end of electrophoresis the strips with the protein fractions were fixed in the usual way [10,11] in the dry- 
ing oven for subsequent development by bromophenol blue, 


The developer usually contains, in addition to bromophenol blue, also mercuric chloride, which, as is 
known, involves special conditions of storage, use, and calculation of the results, Lazarov [12] avoided this 
inconvenience by dissolving bromophenol blue in CCl; COOH; this gives less brightly colored electrophoregrams 
and the cost of tie developer is increased considerably. In our developer,HgCl, was replaced by PbCl,. 


The composition of the developer was: bromophenol blue — 0,5 g, PbCl, ~ 10,0 g, glacial CHsCOOH — 20,0 
ml, water to 1 liter, The electrophoregrams treated with this developer showed only a slightly different shade 
of the blue spots corresponding to the protein fractions, while the distribution curves for the proteins along the 
strips were practically the same as those obtained with the use of the mercuric developer. 


In the electrophoregrams of whole breast milk we were able to distinguish 4-6 spots more or less separated 
from each other (Fig. 1), and some spots were less intense or completely absent in the electrophoregrams for 
skimmed milk and casein-free serum. Our distribution curves for individual fractions of breast milk serum re- 
semble the corresponding curves obtained by others[1,2] by the Tiselius method, 


On the basis of literature data and comparisons of the electrophoregrams and distribution curves obtained 
by us for milk and serum (Fig, 2) it may be assumed that the spots on the strips shown (Fig.1) correspond to the 
followirg proteins in breast milk. 


I- At the point of application of the milk,a combined spot remains, probably consisting of y -casein, 
which is not displaced in an electric field at pH 8.4 [13], and of lipoproteins of the fat globules, This spot is 
stained both by developer with bromophenol blue (even in skimmed milk, which does not contain proteins from 
the outer layers of the fat globules) and by an alcoholic solution of Sudan III, which is an indicator for lipids. 


Il— The immune globulin spot (which sometimes begins at the point of application) is greatly elongated, 
as it represents a mixture of 2-3 proteins of similar properties [3]; the dual nature of this fraction is seen in 
Fig. 1,c. Against the background of this spot, and sometimes even superposed on the g -lactoglobulin fraction 
nearer to the anode, there is a more or less prominent g -casein spot, which is never found in electrophoregrams 
of milk serum, 


Ill — The g -lactoglobulin spot (usually well-separated from the preceding and succeeding spots and 
stained no less strongly than the immune globulins) may sometimes be continguous with the preceding 
fraction (Fig.1,b), and not only g-, but also q@-casein may be superposed on it, 


IV — A clear, but not bright spot for proteins with the most acid isoelectric point, corresponding, in our 
opinion, to a mixture of a-casein and a-lactalbumin [14]. If together with the milk,a drop of methyl red 
(which, as is known [15], is displaced during electrophoresis on paper at the same rate as blood serum albumin) 
is applied to the strip, fraction IV is found at the methyl red spot when the electrophoregram is developed. How- 
ever, in electrophorograms of rennin serum the intensity of this protein fraction is sometimes very low, which 
suggests its "contamination" with o-casein, 


To determine the relative proportions of the different protein fractions, the color intensities of the 
corresponding spots were determined by means of an electrophotodensitometer of a design based on instruments 
described previously [11,16], A photocell and galvanometer system and a recording device from a Hilger 
microphotometer were used in the instrument, Instead of this microphotometer, it is possible to adapt the 
nonrecording MF-2 microphotometer (State Union Factory) or the universal monochromator UM-2 (from the 
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Fig. 1. Electrophoregrams of whole breast milk: 


I-IV) protein fractions (see text); a) 0,10 ml of milk (6th month of lactation), electrophoresis for 
10 hours at 330 v with buffer of ionic strength 0.1; b) electrophoregram cut lengthwise, experimental 


conditions given in caption to Fig.2,c; c) experimental conditions given in caption to Fig. 2, a; 
fraction IV passed beyond the limits of the electrophoregram, 


same factory) for the photodensitometric measurements, To increase the quantity of light passing through the 
electrophoregram to the microphotometer photocell, we used additional light from a KOL-1 lamp, while the 
strip was moved by means of the spacing mechanism from a dismantled Yost typewriter (2.8 mm spacing). 


In plotting the curves for color density distribution along the strips, the distance from the point of 
application of the milk was taken along'the abscissa, and extinction along the ordinate axis, The protein 
distribution curves shown in Fig, 2 were obtained in this way be photodensitometry of the electrophoregrams, 


Parallel with fractionation of the breast milk by electrophoresis on paper, we studied the distribution 
of lipase among different regions of the electrophoregrams, in order to detect any connection between milk 
lipase and definite protein fractions, Electrophoretic separation of the enzymes in milk taken immediately 
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Fig. 2. Distribution curves for the protein fractions of breast milk on the electro- 
phoregrams, 

~— whole milk; — skimmed milk; .............«. Milk serum; I-IV) protein fractions 
(see text); a) 0,03 ml portions of milk or serum (7th month of lactation); electro- 
phoresis for 8 hours at 330 v; then 16 hours at 200 v with buffer of ionic strength 0,17, 
the curve for whole milk corresponds to the electrophoregram in Fig.1,c; b) 0,05 ml 
of milk of 0,075 ml of serum (6th month of lactation), electrophoresis for 9 hours at 
330 v with buffer of ionic strength 0,1; c) 0,05 ml of milk (2nd month of lactation), 
electrophoresis for 9 hours at 300 v with buffer of ionic strength 0,1, corresponds to 
the electrophoregram in Fig,1,b. 


before the experiment should reveal most clearly the relationships between the enzymes and the corresponding 
native milk fractions, 


Electrophoretic investigation of milk in the Tiselius apparatus requires preliminary dialysis against a 
buffer solution (auxiliary liquid), which delays the start of separation of the proteins after sampling by 2-3 
hours to several days. Moreover, since milk fat interferes with optical recording of the fractional separation, 
it is necessary to investigate skimmed milk from which, in particular, the proteins in the outer layers of the 
fat globules are missing, It is known, however, that phosphatase, for example, mainly passes into the cream 
during separation of milk, being associated with the fat globule proteins [17,18]. Tarassuk [19] suggested 
that when milk is cooled, lipase is adsorbed on the fat globules, However, Dunkley [20] regards this association 
as so unstable that even separation assists desorption of the lipase, 


In 1951 Wallenfels [21] used electrophoresis on paper for fractionation of lipase and other enzymatic 
components in fungus culture extracts, and described a very slight shift (of a few millimeters) of lipase toward 
the anode at pH 6.8, with .30M phosphate buffer. He did not obtain parallel electrophoregrams of protein 
distribution, although he concluded that enzymes which are displaced little in electrophoresis (lipase and 
especially phosphatase) are firmly adsorbed. This evidently refers to binding of enzymes by some proteins 
from the destroyed fungus cells. Bamann [22] described a test for the purity of a lipase preparation, obtained 
from the castor oil plant, by means of electrophoresis on paper, and found that the preparation is a homo - 
geneous protein displaced toward the cathode at pH 8.4 (medinal buffer with p- 0.1), Delcourt [23] 
carried out electrophoretic separation of lipase and esterase in the pancreatic juice of dogs, and mouse blood 
serum, and found that lipase spreads around the point of application of the juice or blood on the paper strip 
(that is, in particular in the y- and g~-globulin fractions) and that esterase is displaced toward the anode to- 
gether with 8, and a,-globulins and is present predominantly in the blood serum albumins, 


For detection of lipase in the electrophoregrams, we used strips of Leningrad chromatographic paper, 
6 x 40 cm, to which 0,1-0,2 ml of milk was applied before electrophoresis in the form of a line not touching 
the edges of the strip, The electrophoresis was performed with medinal — veronal buffer at pH 8,4 at room 
temperature for 9-25 hours, at 170-330 v, 0.05-0.4 milliamp./cm, 


After electrophoresis each strip was dried for 2-3 minutes in air and cut with scissors down the middle 
into two halves,one of which was stained for proteins in the usual way, while the other was cut at right angles 
to the direction of movement of the protein fractions into pieces 0.5-1,5 cm wide. These were placed in 
numbered test tubes containing 2 — 3.5 ml of 2— 5% NagHPO, (pH 8.3). 
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After extraction (the tubes with the pieces may be left in the refrigerator for 12-36 hours), 21 ml 
portions of water saturated with tributyrin (prepared by shaking 0,075 ml of pure tributyrin wth 400 ml of 
wate: for 1 hour, followed by standing in the refrigerator for 10-12 hours and filtration) were added to the tubes, 
and the tubes were incubated for 2 hours in a thermostat at 38°. Before incubation, after 1 hour of incubation, 
and at the end, 7.5 ml portions of the mixture were withdrawn into small beakers containing 2 ml of 4% NaF. 
After thorough mixing and cooling at 18°, stalagmometric determinations were carried out, the drops being 
counted by means of an instrument used for determination of leucocyte formulas (Technical Specification, 
Ministry of Health Ukr. SSR 8166-3-49), After a definite volume of liquid had escaped from the stalagmometer, 
the total number of depressions of the key, corresponding to the number of drops, was read off in the counter 
above the key. To convert the number of drops to a percentage of the hydrolyzed tributyrin, which was used 
as the measure of lipolytic activity, a standard calibration curve was used, the experimental error being 
+ 1—2 drops,ie., 1-3 %tributyrin. 


It should be noted that chromatographic paper (either pure or impregnated with medinal buffer) can 
slightly decrease the tributyrin concentration in the solution by adsorption or nonsepecific hydrolytic action 
on the substrate. This decrease of tributyrin concentration, which, according to our observations, comprises 
4-8%of the tributyrin for each section of the electrophoregram after incubation, was deducted in calculations 
of the lipase activity of these sections. 


According to Sobotka [24], the ballast proteins present in lipase preparations from the liver and pancreas 
can adsorb tributyrin irreversibly, and in consequence the apparent solubility of tributyrin in presence of these 
proteins increases 10-20 fold. Evidently tributyrin is similarly adsorbed by filter paper. However, in view of 
Sobotka's results, we decided to determine whether additional nonsepecific adsorption of tributyrin by the 
proteins present on the electrophoregram sections occurs, since such adsorption could lead to erroneous con- 
clusions concerning the lipolytic activity of the corresponding protein fractions, 


For this, 30-60 minutes before addition of tributyrin, 0.25 ml portions of 1.4% CuSO, *, which is a 
powerful inhibitor of milk lipase [25], were added to the tubes containing the buffer solution with the electro- 
phoregram sections, It was found that "splitting" not inhibited by copper (which is, in our opinion, nonspecific 
adsorption of tributyrin) occurs in tubes containing sections of the electrophoregrams cut from the point of 
application of the milk (less often in the immune globulin fraction), and its extent varies ( according to the 
amount of milk applied to the strip and to the size of the section in which the lipase was determined) in the 
range of 2-8 % tributyrin, 


* NaF, even when present to saturation in the mixture, does not completely inhibit breast milk lipase, 
which has considerable activity, during incubation in the thermostat. 
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Fig. 3. Migration of protein fractions and lipase of breast milk in electrophoresis 
on paper: 
Protein fractions: I) y-casein + proteins from the outside of the fat globules; I) immune 
globulins; III) g-lactoglobulin; IV) a-lactalbumin + a-casein; g-casein distributed 
between I and II. Shaded columns — lipolytic activity: a) 0,05 ml of milk (6th month 
of lactation), electrophoresis for 8 hours at 330 v with buffer of ionic strength 0,05, 
width of sections taken for lipase determination 7.5 mm; b) 0.05 ml of milk (2nd 
Jnonth of lactation), electrophoresis for 9 hours at 330 v with buffer of ionic strength 
0,10, width of sections taken for lipase determination 15 mm; c) 0,05 ml of milk 
(7th month of lactation), electrophoresis for 9 hours at 330 v with buffer of ionic 
strength 0,17, width of sections taken for lipase determination 5 mm, 
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Fig. 3 shows curves for protein distribution along the electrophoregram, obtained photodensito- 
metrically, and also corresponding distribution curves for lipolytic activity, obtained by the stalagmometric 
method (Fig. 3, a, gives all the corrections for nonsepecific adsorption of tributyrin discussed above, while 
Fig. 3, b and c only contain corrections for adsorption by the paper). Fig. 3 shows that the maximum of 
lipolytic activity is shifted in 8,5 hours by 20-25 mm toward the anode together with the immune globulins; 
it is not found in the g -lactoglobulin, q-lactalbumin, or «-casein fractions. Only residual amounts of 
lipase are associated with the lipoproteins of the fat globules in breast milk, as is shown by the fairly low 
activity of the electrophoregram sections corresponding to the point of application of the milk to the strip. 
Since analogous curves for lipase activity distribution can be obtained by similar treatment of electrophore- 
grams of breast milk serum, it is evident that the lipase is associated with the immune globulins and not with 
the g-casein which accompanies them in migration in the electric field. 


Willstatter’s claim [26], based on experiments on adsorptive purification of pancreatic lipase, that 
this is of a nonprotein nature, and extended to the structure of all enzymes, is known to be erroneous. As late 
as 1936 Kraut [27] continued to stress that colloidal carriers ("pherons") of esterase are not proteins despite 
the fact that Glick [28], using various protein precipitants, showed that pancreatic lipase is firmly bound with 
globulins (or is a globulin), while liver lipase is associated with albumins, 


Our results show that breast milk lipase migrates in the electric field together with immune globulins, 
being associated with them (or is itself an acid protein of the immune globulin type). 


Thus we have been able to obtain additional data on the presence of lipase in the aqueous rather than 
the fat phase of milk, as previously reported by Mattick [29] and Loncin [30]. 


SUMMARY 


By means of electrophoresis on paper, breast milk proteins have been resolved into «a-casein, 
6 -lactoglobulin, and immune globulins; y-casein and lipoproteins of the outer layers of the fat globules 
remain at the point of application, while g-casein usually migrates in a direct current field together with 
the immune globulin fraction, 


It is shown that, in electrophoretic separation of breast milk proteins, lipase activity migrates from the 
point of application toward the anode, and the enzyme can be detected only in the region of the electrophore- 
gram containing the y-globulin fraction. Thus, breast milk lipase, present in the nonfat phase, is either 
bound with the immune globulins or is itself a protein of the globulin type. The decrease of tributyrin by ad- 
sorption on chromatographic paper and on proteins present in the electrophoregram sections, is considerably 
less than the decrease of tributyrin by true hydrolysis by lipase present in the separate fractions. 


The best separation of milk and rennin serum fractions of milk on M-2 Leningrad chromatographic 
paper was obtained by electrophoresis in medinal — veronal buffer with ionic strength 0.17 and pH 8.4, at 
175 v and 0,2 milliamp. /cm for 25 hours, The developer used for the electrophoregrams contained lead 
chloride instead of mercuric chloride; the color intensity of the spots on the electrophoregrams was measured 
by means of a photodensitometer constructed from a microphotometer and a typewriter spacing mechanism. 


Received August 6, 1956. 


LITERATURE CITED 
(1] Deutsch H., J. Biol. Chem. 169, 437, 1947. 
[2] Schafer K., Monatschr. Kinderheilkunde 99, 69, 1951. 
[3] Smith E., J. Dairy Sci. 31, 127, 1948, 


[4] Luca R., Cutroneo., Boll, soc, ital, biol, sper, 31, 203, 1955. 5, 


[5] Horst W., Schafer K., Klin, Wschr. 33/34, 791, 1953, 
(6] Vandegaer J., Miettinen, Acta Chem, Scand, 7, 1239, 1953. 
(7] Freimuth U., Bioch, Z. 324, 476, 1953, 


a 
ies 
aR 
oe 
it 
820 


(8] Kutacek M., Kratochvil., Sborn, Csl. Acad, Zemedel, 27, (A), 355, 1954, 
[9] Schulte K., Muller., Milchwissensch, 9, 375, 1954; 10, 90, 130, 228, 270, 
{10] Flinn F,, De Mayo., Lancet,6676, 35, 1951, 

(11] Gurvich A., Laboratornoe Delo, 3, 3, 1955. 

{12] Lazarov N., Laboratornoe Delo, 3, 9, 1955. 

{13] Mellander O,, Biochem, Z. 300, 240, 1939, 

Gordon W., J. Amer. Chem. Soc, 176, 287, 1954, 

(15] Scheidegger J,,Schweiz. med, Wschr. 83, 406, 1953, 

[16] Vishnyakov A, et al., Doklady Akad, Nauk SSSR, 87, 1035 1952. 

{17] Morton R., Biochem. J. 55, 786, 1953, 

(18] Kay H., Graham,, J. Dairy Res. 5, 63, 1933, 

(19] Tarassuk N., Jack,, Milk Plant Monthly 38, (10), 48, 1948, 

[20] Dunkley W., Smith,, J. Dairy Sci. 34, 940, 1951. 

[21] Wallenfels K., Pechman,, Angew, Chem. 63, 44, 1951, 

(22] Bamann £,, Tietz., Biochem, Z. 324, 502, 1953, 

(23] Delcourt A., Delcourt., C. r. Soc, biol. 147, 1104, 1953, 

(24] Sobotka H., Glick, J. Biol, Chem, 105, 129, 1934, 

(25] Krukovsky V., Sharp., J. Dairy Sci. 23, 119, 1940, 


[26] Willstatter R., Waldschmidt,Leitz., Z. physiol. Chem. 123, 132, 1923, 


(27] Kraut H., Pantschenko - Jurewicz., Biochem, Z. 275, 114, 1934, 
[28] Glick D., King., J. Am, Chem, Soc, 55, 2445, 1933. 

[29] Mattick E., Kay., J. Dairy Res. 17, 288, 1938, 

[30] Loncin M., Jackmain., Lait, 31, 233, 1951. 


9 
1 55. 
aa 
| 
feu 
- 
on, 
i 
ag 
ae 
hes 
821 
a 


CYSTINE REDUCTASE IN BAKERS’ YEAST AND PEA SEEDS 


N. I. Proskuryakov and I. D. Buachidze 


Chair of Plant Biochemistry, Moscow State University 


The oxidation — reduction conditions of the medium play an important part in a number of biochemical 
processes, The action of many enzyme systems involved in carbohydrate, protein, and fat metabolism is 
associated with a definite redox potential of the medium, primarily regulated by transformations of thiol 
compounds, and in particular of glutathione and cysteine. It has long been known that cells and tissues 
usually have low redox potentials or, in other words, that conditions favoring reduction of oxidized compounds 
prevail in them. This is of great importance in protection of enzymes and proteins of a nonenzymatic nature 
against oxidation, and in maintenance of their thiol groups in the reduced state. In reversible oxidation and 
reduction of thiol compounds,a mobile equilibrium is set up between the two forms, which may easily be 
displaced in the course of cell metabolism, 


Views have already been put forward according to which cells probably contain some kind of enzyme 
systems capable of reducing disulfide forms of thiol compounds, In recent years several publications have 
appeared containing evidence for the presence of such enzymes in various animal and plant tissues. Mapson 
and Goddard [1] discovered glutathione reductase in ungerminated pea seeds and established that the action 
of this enzyme is associated with other enzyme systems, leading to formation of reduced codehydrase IL They 
showed that glutathione reductase has high and strict specificity with regard to glutathione as substrate and 
triphosphopyridine nucleotide as coenzyme, An analogous enzyme was found by Cohn and Vennesland [2] in 
wheat germ, and by Rall and Lehninger [3] in animal tissues. These authors, and especially Anderson et al . 
[4], showed in studies of glutathione reductase in various tissues and in a whole series of higher plants that 
the hydrogen donors in the oxidized glutathione reduction system in model experiments may be glucose-6- 
phosphate, isocitrate, and malate. Quite recently Nickerson and Romano [5] discovered a second enzyme 
system in pea seeds and yeast, which reduces cystine with participation of codehydrase I, but which is unable 
to reduce G-S-S-G (Gis glutathione) and its derivatives, This new enzyme system was named, by analogy, 
cystine reductase. 


Since the role of cystine reductase in biochemical reactions has as yet been studied little, the present 
investigation was undertaken in order to study in greater detail the enzymatic reduction of cystine to cysteine 
in certain materials. 


EXPERIMENTAL 
Methods, Experimental Procedure, And Analysis 


The materials used for studying enzymatic reduction of cystine were pressed yeast and seeds of a pea 
variety from the Gribovsky plant selection station, The preparations for the eyzymatic activity tests were 
niade by treatment of the powdered yeast and finely ground and sifted pea flour 6-fold quantites (by weight) 
of cold acetone (0-2°) followed by filtration of the suspension through a Buchner funnel and final drying at 


room temperature. The activity of such preparations remained almost unchanged during storage in the cold 
for 2-3 months, 


Cystine reductase was extracted from the acetone preparations by infusion with 0,025 M phosphate 
buffer at pH 6.24 in 1:10 ratio. The enzyme activity was determined by iodometric determination of cysteine 
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from cystine introduced into the reaction mixture in various concentrations, by the well known method of 
Woodward and Fry [6]. After a definite time interval metaphosphoric acid was added to the mixture to a 
final concentration of 2,0-2,5% to remove proteins, and the clear filtrate was titrated with 0,001 N KIOs in 
presence of KI and starch to a stable blue-violet color, Two controls were used in parallel with each experi- 
ment; with the material under test, but without added cystine, and with boiled material, both infused for the 
same time. The enzyme activity was expressed in ml of 0.001 N KIO, in all cases, from the difference 
between the experimental and control results, calculated per 0,1 g of absolutely dry weight of the original 
preparations, 


The determinations of cystine reductase activity were carried out in Thunberg tubes filled with nitrogen 
after being pumped out 2-3 times and refilled, the mixtures being kept at 37 for different times, For com- 
parison, some single experiments were also performed in air, The substrate was a purified cystine preparation 
(7]. The cystine was previously dissolved in 2% NagCOs solution at 40°, and the solution pH was then taken to 
6.24 by addition of 0.5 M KH,PO, solution. 


For the model experiments, a preparation of diphosphopyridine nucleotide (DPN) [8] was obtained 
from bakers’ yeast with a yield of 650 mg from 4 kg of yeast. The DPN content of the crude nucleotide 
fraction was ~20%, determined by Hogeboom's method [9] with the aid of a Beckman spectrophotometer 
from the absorption at 340 my after reduction of the DPN by hydrosulfite. 


RESULTS OF THE EXPERIMENTS 
1, Cystine Reductase of Bakers’ Yeast 


It was first necessary to determine the effects of the preliminary treatment of the acetone-yeast pre- 
parations on the cystine reductase activity. The action of extracts and suspensions was compared for this 
purpose, It was found that yeast extracts contained an enzyme system capable of reducing cystine, but its 
activity was 2-2,.5 times less than the reducing power of the suspension, Grinding of the yeast with sand in- 
creased the enzyme activity only slightly, while prolonged grinding of the yeast cells in a ball mill produced 
a very sharp fall of activity. The subsequent experiments were performed with suspensions of acetone pre- 
parations in phosphate buffer. 


Enzymatic Character of Cystine Reduction 


The mechanism of cystine reduction was determined by experiments with boiled and dialyzed yeast suspensions. 
After 5-10 minutes in a boiling water bath, the enzymatic activity of the suspension was partially destroyed (Table 1). 
From the data in Table 1 it may be con- 
cluded that a thermostable factor plays some part 
Effect of Boiling on Reduction of Cystine in the reduction of cystine. 
ccmiintenannesinnsitgpteieiiisieshiinciaiientiiiniiipialaimatios Dialysis of the yeast suspension against phosphate 
Experimental}, Activity in ml of 0,001 N KIO, buffer at pH 6.24 resulted in a decrease of reducing 
Original | boiled power, very rapid at first, and then slowing down with 


TABLE 1 


conditions 


suspension __| suspension increasing dialysis time. This indicates that an easily 


\ dialyzable coenzyme is involved in the enzymatic 
Experiment 14 . reduction of cystine (Figure 1.) However, even pro- 
Control ; : longed dialysis did not completely remove all the 
low-molecular substances of a coenzyme nature from 
Difference | i S the yeast cells, and some of them were apparently 
firmly retained by the cell structures, However, if 
boiled yeast extract was added to the dialyzed sus- 
pension, almost devoid of activity, the cystine reductase activity was partly restored (Table. 2). 
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It is seen from Table 2 that reduction of cystine by yeast suspensions is an enzymatic process, but the 
cystine reductase activity depends both on its native state and on the simultaneous presence of a dialyzable 
coenzyme of low molecular weight. 


Effect of pH of the Medium on the Activity of Cystine Reductase 
To study the effect of pH on the activity of cystine reductase, phosphate buffers with pH from 4,49 to 
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TABLE 2 


Enzymatic Reduction of Cystine by Acetone Preparations of 
Yeast.E — Experiment, C — Control, 


Reaction mixtur Amountof | Amount of 


Original boiled {dialyzed cystine, 0,001 N 
suspension! sion KIO3, ml_ | ml 0,001 
ml ml sion, ml 8 KIO 
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Figure 1, Decrease of cystine reductase activity Figure 2, Effect of pH of medium 
by dialysis of yeast suspensions, on the activity of yeast cystine 
reductase, 


9.18 were used, the suspensions being held for one hour after addition of 1,9 mg of cystine, Figure 2 shows 
that the optimum activity of cystine reductase corresponded to pH 6.24, The activity was less in weakly 
acidic and weakly alkaline media, the decrease being greater on acidification. 


Effect of Substrate Concentration on the Activity of Cystine Reductase 


If large amounts of cystine are added to the reaction mixture, it might be expected that it would in- 
hibit the enzyme by oxidation in such conditions, In fact, when the amount of cystine was increased from 
0.375 to 10 mg, it exerted an inactivating effect, which depended strictly on the duration of the experiments. 
During short exposure times (30-60 minutes) there was a gradual increase in the contents of SH compounds 
with increase of the amount of cystine added. In a 2-hour experiment a clearly defined optimum of enzymatic 
reduction was found at a content of 4-6 mg of cystine in the medium. In longer exposures (4-6 hours) the re- 
duction maximum was reached on addition of small amounts of cystine (1.5 mg), but subsequently the re- 
duction efficiency decreased and remained at approximately the same level while the cystine content was in- 
creased to 10 mg (Table 3). 
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TABLE 3 


Effect of Substrate Concentration on the 
Activity of Cystine Reductase (in ml of 0,001 
N KIO,) 


2 4 6 
0.375] 1.37 | 2.78 | 5.6 6.65 | 6.15 
0.75 | 3.14 | 3.95 | 6.07 | 6.95 | 6.4 
1.5 | 3.54 | 4.38 | 7.2 6,95 | 8.0 
2.0 | 3.84 | 6.03 | 7.9 7.35 | 5.8 
2.5 | 4.04 | 6.23 | 8,1 8.65 | 5.7 
3.0 | 4.49 | 5.33 | 7.5 8.67 | 5.7 
4.0 | 4.59 | 6.63 | 9.4 9.05 | 5,95 
5.0 | 4.84 | 7.37 | 9.07 | 9.25 | 5.95 
6.0 | 4.89 | 7,08 | 9.07 | 7.05 | 5.95 
8.0 | 5.44 | 7,41 | 8.3 7.05 | 5.6 
10.0 | 6.96 | 7.18 | 8.1 7.04 | 5.6 
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Figure 3, Reduction of cystine in 
aerobic and anaerobic conditions: 
1) 0.75 mg of cystine in aerobic 
conditions; 2) 5,0 mg of cystine in 
aerobic conditions; 3) 0.75 mg of 
cystine in anaerobic conditions; 4) 
5.0 mg of cystine in anaerobic 
conditions, 


Consequently in determinations of cystine reductase 
activity in yeast suspensions it must be taken into 
account that the optimum concentration of the added 
substrate may vary with the duration of the experiment. 
In brief experiments (withing the range of 30-60 min- 
utes) relatively large amounts of cystine may be used 
without any detrimental effect on the cystine reductase 
activity. In prolonged experiments, however, the poss- 
ibility of enzyme inactivation must be taken into 
account, 


Effects of Aerobic and Anaerobic 


Conditions on the Enzymatic Reduction 
of Cystine 


Studies of enzyme systems involving reduction of 
disulfide forms of thiols are usually carried out in an- 
aerobic conditions, In view of the lack of literature 
data on the influence of aerobic conditions on the re- 
duction of cystine, it was of interest to carry out the 


experiments with access of air. It was found that, in aerobic conditions, when a yeast suspension was kept 
without addition of cystine the content of iodine-reducing substances was almost doubled in 6 hours, In 
presence of cystine, however, a different picture was observed: in short experiments (up to 2 hours) the con- 
tent of SH compounds rose rapidly, but after 2 hours there was an appreciable decrease, especially pronounced 
in exposures of 4-6 hours, Higher concentrations of the added cystine produced correspondingly larger de- 
creases in the contents of iodine-reducing substances over the same periods. This result can in all probability 
be explained by the oxidizing action of excess cystine in presence of atmospheric oxygen. When the experi- 
ments were performed in a nitrogen atmosphere, there was a maximum increase in the contents of SH com- 
pounds after 2-4 hours, after which there was a tendency to some decrease ( Figure 3). 


2. Cystine Reductase in Pea Seeds 


Two pea varieties were used; "Ranniy Maisky* 
and "Gelvetsiy", but most of the experiments were 
performed with seeds of the latter variety; results for 
the two varieties were very similar. Acetone pre- 
parations were obtained as described above, The ex- 
periments were carried out with extracts of the seeds, 
prepared by infusion of the preparations with 0,025 M 
phosphate buffer at pH 6.24 in 1:20 ratio. The sub- 
sequent treatment was analogous to that used for the 
yeast suspensions, All the experiments, with very few 
exceptions, were carried out in a nitrogen atmosphere, 


The enzymatic character of cystine reduction 
was proved by the results of experiments with original, 
boiled, and dialyzed extracts (Table 4), which show 
that boiled and dialyzed extracts of the acetone pre- 
parations were almost inactive by comparison with the 
original extract, which gave a considerable increase 
in the contents of SH compounds with increasing time. 


Effect of Substrate Concentration on 
Cystine Reductase Activity 


As in the case oi cystine reductase, a clear in- 
terdependence was found between the enzyme activity 
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TABLE 4 


Effects of Boiling and Dialysis on Reduction of Cystine (in ml of 
0,001 N KIOg) 


ation of 
Experimental Duration of experiment 


conditions 145 min|30 min} 1 hr | 2hrs | 4hrs | 6 hrs 


Original extract 4.2 
Boiled extract 0.1 
Dialyzed extract 0.6 


and the amount of cystine, The activity increased with increasing amounts of cystine, but only up to a 
certain limit, Further increase of the substrate concentration weakened the enzyme action (Table 5), In all 
the subsequent experiments the cystine concentration near the optimvm value ( 3 mg) was used. 


TABLE 5 


Effect of Substrate Concentration on Cystine Reductase Activity 
(in ml of 0,001 N KIOg) 


Duration of experi- 
ment, hours’ 


Duration of experi 
Cystine ment, hours 


in mg 


o 
coocoo 


TABLE 6 In tests of the effect of aerobic conditions on 


the enzymatic reduction of cystine it was found that 
: ws such reduction took place in aerobic conditions also, 
strate in Aerobic Conditions on Cystine 
but at a lower level; it reached a maximum after 4 
Reductase Activity (in ml of 0.001 N : 
hours and then decreased, The activity of cystine re- 
KIOs) 
ductase depended on the substrate concentration, de- 
creasing in aerobic conditions with increasing amounts 


Effect of High Concentrations of Sub- 


tio il 
of added cystine. During brief exposures the inhibiting 
2 al 68 ' | 2 4 | 6 effect of cystine was slight, but it increased rapidly 
—— = with time, and ultimately the reduction was inhibited 

almost completely (Table 6). 

3.0 | 1.28 | 2,07 | 3.25 | 4.88 | 3.98 
5.0 | 1.45 | 1.40 | 1.59 | 1.12 | 0.38 
9.0 | 0.94 | 1.12 | 1.22 | 0 81 | 0.11 Determination of the Hydrogen Donors 


in the Cystine Reduction System 


According to Romano and Nickerson [5], re- 
duction of codehydrase I is involved in the enzymatic reduction of cystine. Consequently, the action of cy- 
stine reductase must be associated with enzyme systems which lead to formation of reduced DPN. In view of 
the lack of relevant data in the literature, a series of experisnents was performed in which the effects of the 
following compounds on the enzymatic reduction of cystine were tested: ethyl alcohol, glucose, glucose-1- 
phosphate, and sodium salts of malic, fumaric, pyruvic, citric, glutamic, and lactic acids, It was found that 
a slight increase of cystine reduction was caused by addition of glucose-1-phosphate or malic acid to the 
enzyme extract, 


Experiments were then carried out with a phosphate extract of the pea seed-acetone preparation, in- 
activated by dialysis. It was found (Table 7) that the activity of the dialyzed extract was partly restored on 


: 
! 
1.29 | 4.45 | 3.27 | 5.99 | 5.03 
8 | 0.23 | 0.25 | 0.25 | 0.25 | 0.23 m 
5 | 0.69 | 0.69 | 0.69} 0.7 | 0.7 
cine 
in m 
0.4 2.87 3.38 
0.75 2.73 4.95 
1.0 2:06 4.95 
2.0 1.45 1,55 
3.0 1.33 0.89 
826 


TABLE 7 


Regeneration of the Activity of a Dialyzed 
Extract in ml of 0,001 N KIO, 


Duration, hours 
Experimental conditions 


0. 1.0 | 2,0 


Original extract 1.15 2,34 
Diafyzed extract 0,20 0.22 


Dialyzed + boiled extract 0.29 A 0.57 
Dialyzed extract + 3 mg DPN 0.16 ‘ 0.22 


Ditto, + 1 mg malic acid 0.24 . 0.44 


addition of boiled extract. Introduction of codehydrase I into the reaction mixture did not intensify the re- 
duction, However, simultaneous addition of codehydrase I and malic acid to the system activated cysteine 
formation, although not very strongly. It seems likely that reduction of cystine is also associated with some 
other substances which activate cystine reductase or accelerate the conjugate processes of codehydrase I re- 
duction. 


The participation of codehydrase I and, as hydrogen donors, of malic acid and glucose-1- phosphate in 
cystine reduction was also demonstrated for an enzyme preparation obtained from a phosphate extract by pre- 
cipitation by acetone (80% at — 5° concentration), The bulky precipitate was washed three times with cold 
acetone and dried by the lyophilic method. To a solution of this enzyme preparation were added cystine, 
cystine together with DPN, cystine with DPN and malic acid, and finally, reduced DPN (Table 8), 


TABLE 8 
Reduction of Cystine by Enzyme Preparation 


Amount of 0,001 N 
KIO, in ml per 100 mg 


of preparation 


Reaction mixture 


Enzyme solution + cystine 
Enzyme solution + eystine + DPN 


Enzyme solution + cystine + DPN + malic acid 
Enzyme solution + reduced DPN 


It follows from Table 8 that addition of reduced codehydrase I to the enzyme preparation resulted in 
considerable enzymatic reduction of cystine. 


SUMMARY 


It has been found that pressed yeast and pea seeds contain enzyme systems which bring about reduction of 
cystine, The presence of reduced codehydrase I is essential for this reduction by these enzymes. This ex- 
plains why the enzyme loses its activity almost completely on prolonged dialysis. The activity of the enzyme 
is determined by the concentration of the substrate, excess of which inhibits the enzymatic action. Reduction 
of cystine is most rapid in anaerobic conditions, although it also occurs in presence of air. Reduction of cy- 
stine by pea seed extracts is activated by additions of malic acid and glucose -1-phosphate, which act as 
hydrogen donors. A partially purified cystine reductase preparation obtained by precipitation of a phosphate 
extract of pea seeds by 80% acetone in the cold is able to reduce cystine in a model system, containing 
cystine, DPN, and malic acid, 
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POLAROGRAPHIC ACTIVITY OF PROTEINS 
IN RELATION TO THEIR COMPOSITION 


M. Ledvina 


Karlovy Vary, Czechoslovakia 


The catalytic double wave for proteins in a buffer solution of a complex Cottt salt was attributed 
by Brdicka [1] to the disulfide group content, However, the relationship between the cystine content and the 
height of the wave is not linear. We have recently shown [2] that plasma mucoprotein completely retains its 
polarographic activity even if the thiol groups are bound by heavy metals, on oxidation of the SH groups, or on 
reduction of S— S groups, The polarographic wave was lowered only by reagents which had a denaturing ef- 
fect on the whole molecule of this protein, 


These results do not agree with the view that the catalytic wave is due entirely to the disulfide groups. 
The question therefore arose, which functional groups in a protein (or which components of the prosthetic groups 
in the case of complex proteins) are necessary for polarographic activity in the protein, To elucidate this 
problem, we recorded the polarographic waves of certain protein preparations and compared them with the 
results of chemical analyses of some constituents of these proteins, 


PREPARATIONS 


Plasma mucoprotein was prepared by the method of Weimer et al. [3] from mixed human plasma, 
obtained from the Blood Transfusion Institute. Globin was isolated from pigs’ blood, Histone (hydrochloride) 
was obtained from the thyroid gland of a cow. Ovomucoid and ovalbumin were isolated from hen's eggs. 
Chymotrypsinogen was prepared and purified by the method of Bartl and Sedlacek [4]. Syalic acid from mucin 
of the salivary gland was prepared by the method of Blix [5] as follows: 0.5 g of salivary gland mucoprotein 
was boiled for 1 hour with 4 ml of pure alcohol in a water bath under reflux, The mixture was then centrifuged, 
the alcohol was decanted, and the mucoprotein was suspended in 8 ml of water, The suspension was boiled 
under reflux for 2 hours in a continuous stream of nitrogen. The extract so obtained was diluted with five times 
its volume of water. Zinc insulin, y-globulin, , and thrombin were obtained from the commercial products 
by dialysis and lyophilization, Casein was prepared by Hammersten's method, The other materials: 


hyaluronidase, gelatin, and peptone were used as the commercial products, 


EXPERIMENTAL METHODS 


Contents of carbohydrate prosthetic groups, Polarographic waves in serum filtrates are given by plasma 
mucoproteins rich in carbohydrate, It was therefore to be expected that in proteins which do not pass into the 
sulfosalicylate filtrate the carbohydrate prosthetic group could also influence the height of the wave. The 
orcin reaction was used to detect the presence of the carbohydrate group. 


The syalic acid contents of the proteins were determined, This compound is a crystalline reducing 
polyhydroxy acid of as yet uncertain composition (probably CyH404,), first isolated by Blix [5] in 1936 from 
salivary gland mucin, This substance (termed neuraminic acid by other authors) has also been found to the 
extent of ~ 10 % in acid serum mucoprotein, which is the cause of polarographic activity of sulfosalicylate 
extracts of serum in Co*** solution, namely in the MP-1 fraction, Syalic acid is characterized by 
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certain color reactions, the most specific of which is the so-called Ehrlich direct reaction (a violet color 
on boiling with Ehrlich reagent without previous addition of alkali), For this test the samples were dissolved 


in 2.5 ml of water, 0.5 ml of Ehrlich reagent was added, and the mixture heated in the boiling water bath 
for 30 minutes, The extinction was then measured spectrophotometrically at 565 my in a cuvette 10 mm 
thick, against a mixture of 2.5 ml of water and 0.5 ml of Ehrlich reagent, 


In all cases the intensity of the biuret reaction was also determined, in order to obtain an idea of the 


contents of substances of peptide structure. 1 ml of the solution containing 2 mg of the protein per ml was 
mixed with 0,25 ml of biuret reagent and 0,25 ml of soda solution (1/5 saturated), This mixture was left 1 
hour at room temperature and the extinction was then measured spectrophotometrically at 550 mu, the re- 
sults being compared with the results for the blank reagents, 


Finally, the polarographic curves for all the proteins were obtained in a buffer solution of complex 
cobalt salt ([Co(NHg) 4CO 3] ,SO, + 3H,O) [6]. 0.5 ml of an aqueous solution of the protein (2 mg/ml) was 


added to 10 ml of the buffer cobalt solution (0.001 M solution of the above cobalt compound in 0,1 N NHl 


and 1 N NH). A Heyrovsky polarograph with galvanometer sensitivity of 1:200 was used. The curves were 


recorded starting from 0,8 v. The anode was a silver wire coiled around the glass capillary cathode. 


RESULTS 


The results of the investigations are shown in the diagram, The heights of the columns indicate the 


extinctions found with the orcin reaction, the direct Ehrlich reaction, and the biuret reaction, and also the 
polarographic wave heights. The substances tested were y-globulin, plasma mucoprotein, zinc insulin, 
globin, histone, gelatin, a preparation from salivary gland mucoprotein with a high syalic acid content, 


20 


10 


The diagram shows that there is no constant relationship between the intensity of the orcin reaction and 
the polarographic wave height. For example, in the highly purified proteins, chymotrypsinogen and casein, the 
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, direct Ehrlich reaction (..........) and biuret reaction( 
) for various proteins, 


carbohydrate contents were practically zero, but the polarographic waves were quite distinct. 


The diagram also shows that the syalic acid content is not a factor which determines the polarographic 
wave height, Plasma mucoprotein gave high extinction, but the wave height in this case was only moderate. 


The highest syalic acid concentration was in the salivary gland mucoprotein preparation, while the polaro- 
graphic wave in this case was very low. 


The intensity of the biuret reaction was approximately the same in each case, as was to be expected, 
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since all the proteins were of the same concentration, The small differences were caused by qualitative i 
peculiarities of individual proteins, x 
The results show that different proteins at an equal concentration give polarographic waves of very - - 


different heights, 


The situation is quite different if the relationship between the polarographic wave height and the cystine 
contents of the proteins are considered, Literature data on the contents of total sulfur, cystine, and cystine + 
cysteine in a number of the proteins studied were used, A certain degree of correlation can be seen at once, 
For example, the highest content of cystine, 13 % in insulin corresponds to the greatest polarographic wave 
height (203 mm); gelatin, with a very low cystine content (only 0.10%) gives practically a zero polarographic 
wave, 


Three sets of relative values are given in the Table for a number of proteins: ratio of the wave height 
(in mm) to the total sulfur content (in %), to the % cystine content, and to the % content of cystine + cysteine. 
A comparison of these values shows that there is undoubtedly a certain connection between the amounts of 
sulfur-containing amino acids and the polarographic activities of individual proteins. It must be emphasized, 
however, that this relationship is by no means linear, It is interesting to note that the highest ratios with 
respect to cystine (2nd column) are found for plasma mucoprotein and ovomucoid, which are proteins contain- 
ing carbohydrate groups. On the other hand it should also be noted that gelatin, which is a protein greatly 
modified by treatment, gives a wave even lower than would correspond to its low cystine content. 


The results of this investigation lead to the con- 
clusion that the polarographic activity of proteins 
does not depend on the percentage. contents of the 
carbohydrate components or of syalic acid. At the 
same time, there is an undoubted correlation between 


Ratios of the Polarographic Wave Heights 
(in mm) to % Contents of Total Sulfur 
(S), Cystine, and Cystine + Cysteine 


the contents of sulfur-containing amino acids and 
Frotein ad polarographic wave heights. The ratio between these, 
Eo| ERS however, is not even approximately constant, but may 
vary within considerable limits. A strict correlation, ; 
y ~Globulin —, | 29.0) 19.3 of course, could not be expected from the very nature ’ 
32.8 of the measurement of the catalytic wave. The exist- 
Gelatin ~2 -- ing approximate correlation is not yet sufficient : 
evidence for the view that polarographic activity 
Ovalbumin 42.5 132.0 | 46.2 necessarily depends only on the contents of disulfide 
or thiol groups in a protein. It seems more likely, on 
Plasma mucoprotein — /106.0| — the besis of th 1 dh d li 
Casein 18.6 | 43.3 | 43.3 e basis of the results reported here and our earlier 


data, that polarographic activity depends on a more 
complex combination of functional groups, and that —-S—S- or —SH groups are only components of such 
structural groupings in the protein molecule, 


SUMMARY 


The carbohydrate components (by the orcin reaction), protein components (biuret reaction) and syalic 
acid (by the so-called Ehrlich direct reaction) were quantitatively determined in 15 different proteins, The 


heights of the protein polarographic waves in complex Co salt solution were also determined under the 
same conditions. 


It was found that polarographic activity does not depend either on the content of the carbohydrate com- 
ponent, or on the intensity of the "direct" Ehrlich reaction, An approximate correlation was found between 
the wave height and the sulfur-containing amino acid content. It is suggested on the basis of this and earlier 


investigations that the polarographic catalytic wave is caused by a more complex combination of functional 
groups in the protein, 
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CHANGES IN NUCLEIC ACIDS IN THE COURSE OF 
METAMORPHOSIS IN THE SILKWORM 


N. M. Sisakyan and N. A. Gumilevskaya 
The A. N. Bakh Institute of Biochemistry, Moscow 


kadical changes in metabolic chemistry take place in the course of metamorphosis, which covers a 
relatively short period of time in insects. Considerable interest attaches in this connection to studies of the 
nature of the changes in the composition of the nucleic acids, since this group of substances is most closely 
associated with protein synthesis and with processes of growth and development, 


Literature data on changes of nucleic acids during metamorphosis in insects are scanty and rather contradictory. 
The probable reason for the contradictions is that changes of nucleic acid contents during development differ in differ- 
ent in different groups of insects. Moreover, for the same member of the diptera family Calliphora erythrocephala 
(blue bottles), Agrell [1] found considerable changes of nucleic acid contents during metamorphosis, Khouvine and 
Gregoire [2] reported only slight changes, while Levenbook [3] found no changes at all. As regards the composition of 
the nucleic acids, according to a number of workers [3-6] the main bulk consists of ribonucleic acid (RNA). 
According to Agrell [1, 7}, however, the DNA content is greater than that of RNA during metamorphosis. 


Thus, the data available in the literature give no clear idea of the changes which occur in the nucleic 
acid contents during metamorphosis of insects, 


EXPERIMENTAL 
Materials and Methods 


The mulberry silk:vorm Bombyx mori, of Ukrainian No 1 strain, was used for the work. The insects 
were bred at the Ukrainian Sericultural Station*. The abdominal fluid was obtained by squashing the pupae 
and squeezing through a triple layer of gauze in the cold, The abdominal fluid, and also intact pupae 
(starting from the 1st day of moulting) after each 2 days of development until emergence of the winged in- 
sects, were fixed by 10-fold volumes of acetone in the cold. With a 10-day development period of the pupae, 


5 sets of acetone preparations of whole pupae and abdominal fluid were obtained: for the Ist, 3rd, 5th, 7th, 
and 9th days of development, 


* The authors take this opportunity to express their deep gratitude to the Director of the Ukrainian 
Sericultural Station in Merefa, I, P. Marchenko, for kindly supplying selected batches of silkworms, 


Phosphorus was fractionated by Schneider's method by means of 5% trichloroacetic or 5% perchloric 
acid, Washing with water after5% cold amd 5% hot CClyCOOH was replaced by washing with 5% trichloro- 
acetic acid, as the water-soluble proteins present in the material give solutions difficult to centrifuge. 
Phosphorus was determined by the Fiske — Subbarow method, Incubation with molybdate did not give a high 
value for mineral phosphorus as reported by Martin and Doty [8], Mineral phosphorus was determined in the 
usual way in cold trichloroacetic and chloric acid extract with molybdate and eikonogen, This method gave 
good agreement and reproducibility of the results, Organic phosphorus was found by difference between total 
acid-soluble and mineral phosphorus, Detailed fractionation of organic phosphorus into ATP phosphorus and 
difficulity hydrolyzable phosphorus proved impossible owing to the presence of uric acid. Uric acid, in 
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presence of 1 N HCl gives, after 10 minutes of hydrolysis, a bright yellow color with molybdate, which passes 
into dark blue in presence of cikonogen. For this reason numerous attempts to determine 10-minute phosphorus 
proved unsuccessful. 


Total nucleic acids were determined from the nuclein phosphorus, RNA was determined in the nuclein 
fraction (5% trichloroacetic acid at 90°) by the orcin reaction on 20 minutes of hydrolysis. The colored 
solutions were filtered before the colorimetric determinations to remove a very fine dark precipitate formed 
after hydrolysis, which gave high readings. DNA was determined by difference between total nucleic acids 
and the RNA content, DNA in the abdominal fluid preparations was determined by Dische's method after 
fractionation by the Ogur and Rosen method, The protein and nonprotein nitrogen was determined by the 
micro Kjeldahl method with 5% trichloroacetic and 25% phosphotungstic acid (in 10% H,SO,). Purine nitrogen 
was determined by Vendrely's method [9], 


RESULTS AND DISCUSSION: 


Study of the forms of phosphorus in the silkworm pupa in the course of its metamorphosis (Table 1) 
shows that the greatest changes occur in the mineral and organic fractions of acid-soluble phosphorus. On the 
5th day of development, when histolysis is replaced by histogenesis, phosphorus mineralization reaches its 
maximum, It should be noted that there is a definite tendency to an increase in the organic fraction of the 
acid-soluble phosphorus at the time of intensive histolysis, and then, before emergence of the winged insect 
(imago), the organic phosphorus decreases to a minimum, 


TABLE 1 TABLE 2 


Contents of Different Forms of Phosphorus Contents of Different Forms of Phosphorus 
in Silkworm Pupae During Metamorphosis in the Abdominal Fluid of Silkworms 
(in mg per pupa) During Metamorphosis (in mg per pupa) 


Acid-soluble 7 Acid-soluble 
Phosphorus 


2 
E 


Total |mineral| organic 


The relationships between the different forms of phosphorus in the abdominal fluid of silkworms are 
somewhat different (Table .), 


This difference is primarily manifested in the nature of the changes in the organic fraction of acid- 
soluble phosphorus. While in whole pupae the organic phosphorus first increases sharply at the start of 
histolysis and then decreases, in the abdominal fluid a decrease is found from the beginning to the end of 
histolysis, followed by a sharp increase. 


It must be pointed out that lipoid phosphorus passes into solution during fixation of the material by 
acetone, and as a result only traces of it are found in the fixed material (0.002% on the dry weight of the 
acetone preparation), Repeated attempts to detect phosphoprotein phosphorus in the acetone-fixed material 


were not successful, It must be pointed out that other authors [2-4] have previously found the same effect 
for insects of other families, 


As regards the causes of the observed relationships between the mineral and organic phosphorus of the 
acid-soluble fraction, it is possible that mineralization of organic phosphorus compounds occurs during meta- 
morphosis, This was observed earlier by other workers [2,3,10] in the phosphorus metabolism of insects during 
metamorphosis, However, the observed differences in the contents of mineral and organic phosphorus of the 
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acid-soluble fraction may be caused by mineralization not only of acid-soluble organic compounds, but also 
of other phosphorus compounds, such as phospholipids, The possibility is not excluded that separation of in- 
organic phosphorus from phospholipids may be an artifact, 


The nucleic acids both in the whole pupae and in the abdominal fluid undergo considerable changes 
during metamorphosis, For whole pupae (Figure 1), two points were found at which the nucleic acid content 
increased: at the start of accelerated histolysis and during tissue differentiation, It should be noted that the 
points of increase of the total nucleic acid content coincide with increases of DNA. The RNA content de- 
creases, sharply at first, and then fairly steadily, from the start of histolysis to the emergence of the imago, 


Days of metamorphosis 


Figure 2, Variations of the nucleic acid contents 
in the abdominal fluid of the silkworm during 
metamorphosis: 
a 1) nucleic acids; 11) RNA; I) DNA. 


Figure 1, Variations of the nucleic 
acid contents in silkworm pupae 
during metamorphosis: 

I) nucleic acids; II) RNA; ID) DNA. 
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Figure 4, Nucleic acid 
contents in the centrifugate 
of abdominal fluid during 

Days of metamorphosis I nucleic acids; II) RNA. 


All this indicates that nucleic acid for- 
mation occurs during metamorphosis, mainly by 
synthesis of DNA. It must be pointed out that 
the synthesis of DNA may perhaps be effected at 
the expense of RNA, since increase of the DNA 
level coincides with a decrease of the RNA content. Agrell [1,7] found a similar relationship between RNA 


and DNA in the metamorphosis of Calliphora erythrocephala, 


Figure 3, Nucleic acid contents in the 
precipitate from centrifuged abdominal 
fluid during metamorphosis; 

I) nucleic acids; I) RNA; II) DNA. 


As regards the physiological significance of new formation of nucleic acid, especially of DNA, in our 
opinion this is functionally associated with formation, development, and differentiation of the tissues and 
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organs of the adult insect, occurring on the basis of the larval material during metamorphosis without any 
supply of materials from outside. 


Figure 2 shows the results of a study of the contents of nucleic acids in the abdominal fluid of the silk- 
worm, The course of the curves indicates that the abdominal fluid becomes greatly enriched with nucleic 
acids during intensive histolysis. When histolysis is replaced by histogenesis, the abdominal fluid becomes 
greatly impoverished, The changes in the RNA and DNA are of the same character. 


Centrifugation of the abdominal fluid (at 5000 g for 20 minutes) shows that the distribution of nucleic 
acids in the precipitate (Figure 3) is of the same nature as in the abdominal fluid as a whole, The picture 
for the centrifugate (Figure 4) is somewhat different. The maximum nucleic acid content, principally RNA, 
is shifted in the direction of the end of histogenesis. All attempts to detect DNA in the centrifugate were un- 
successful. The question arises, does new formation of nucleic acids occur in the abdominal fluid itself, or is 
the observed increase of both forms of nucleic acids due only to access of the products of lysis of the larval 
tissues and organs during metamorphosis, It is difficult to give a final answer to this question from the avail- 
able data, From a comparison of the curves (Figures 1 and 2) for the variations of the nucleic acid contents 
in whole pupae and abdominal fluid, itmay be concluded that the sharp increase of the nucleic acid content 
in the abdominal fluid is caused only by access of nucleic acids to the products of lysis, especially as the 
maximum nucleic acid content in the abdominal fluid corresponds to the minimum in the whole pupae. 
However, this does not exclude the possibility of nucleic acid synthesis in the abdominal fluid, which could 
also increase the nucleic acid content in histolysis during metamorphosis, Without evaluation of the qualitative 
composition of the nucleic acids in the abdominal fluid and the whole pupae it seems hardly possible to settle 
the question of their formation during metamorphosis, 


Considerable interest attaches to comparative studies of the contents of different forms of nitrogenous 
substances in whole pupae and in the abdominal fluid during metamorphosis, 


Determinations of protein and nonprotein nitrogen (Figure 5) showed that the protein complex of the silk- 
worm undergoes appreciable changes in the course of metamorphosis, The difference between the values for 
protein nitrogen, determined by means of trichloroacetic and phosphotungstic acids, indicates that some 
nitrogen compounds of low molecular weight, not precipitated by trichloroacetic acid, are liberated during 
histolysis. These are probably low-molecular peptides, since the amino acid level remains more or less con- 
‘stant, decreasing slightly toward the end of metamorphosis, The view that protein hydrolysis in histolysis of 
larval tissues goes as far as peptides and not amino acids was advanced by Agrell [7] in experiments with this 
effect is found to some extent in the silkworm also. A decrease of protein nitrogen at the end of metamor- 
phosis is a general characteristic of the lepidoptera and was noted for the mulberry silkworm by Shoven [11], 
However, the question of the total nitrogen balance cannot be settled without analysis of the lipoid fraction 
extracted by acetone. 


The amount of protein in the abdominal fluid (Figure 6) reaches a maximum on the fifth day of develop- 
ment, or by the end of histolysis. At this time over 70% of the protein in the pupa is in the abdominal fluid. 
Later the abdominal fluid becomes considerably impoverished and by the end of metamorphosis the protein 
content shows a 3-fold decrease. A similar effect was found by one of us [12] in the same material in a 
study of the protein complex of the abdominal fluid by other methods. The nonprotein nitrogen of the ab- 
dominal fluid increases steadily. 


The increase of protein in the abdominal cavity during histolysis may be caused, on the one hand, by 
access of tissue proteins as the result of lysis of the larval cells and tissues, and on the other, by protein 
synthesis in the abdominal fluid at a definite stage of metamorphosis, This possibility was demonstrated 
earlier in our laboratory [6] in experiments with abdominal fluid in vitra 


The high level of purine nitrogen and the nature of its variations both in the whole pupa and in the 
abdominal fluid is of interest, Only about 0,1 part of it is due to the presence of nucleic acids. We attributed 
this high purine nitrogen content to the effect of uric acid, However, special experiments performed to in- 
vestigate this question showed that the presence of uric acid does not affect the accuracy of purine nitrogen 
determinations, According to Rosedeal [13], in insects with incomplete metamorphosis, purines are split off 
from nucleic acids before the adult form emerges, However, this fact also hardly explains the increase in 
purine nitrogen in metamorphosis of the silkworm, It can only be suggested that free nucleotides, nucleosides, 
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Days of metamorphosis 


Figure 6, Changes in the forms of 
nitrogen in the abdominal fluid of 
silkworms in metamorphosis: 

I) protein N; II) nonprotein N; III) 
N in purine bases, 


Days of metamorphosis 


Figure 5, Changes in the forms of 
nitrogen in silkworm pupae during 
metamorphosis: 

I') protein N by phosphotungstic acid; 
I) protein N by trichloroacetic acid; 
II') nonprotein N by phosphotungstic 
acid; ID) protein N by trichloroacetic 
acid; III) N in purine bases. 


or other purine-containing substances are 
present in the pupa. Evidence in favor of this 

is provided by the high percentage of acid- 
soluble phosphorus and the high pentose content 
of the acid-soluble fraction. Thus, according 
to numerous determinations, the pentose content 
of the acetone preparations of pupae is 0.2% or 0.4 mg per pupa. The reasons for the high content of purine 
compounds are not clear, but it may be supposed that they take an active part in changes in the metabolism 
during metamorphosis, 


SUMMARY 


During metamorphosis very significant changes in the contents of different forms of phosphorus, nucleic 
acids, and nitrogen compounds take place both in the whole pupae and in the abdominal fluid of the silkworm. 


Both the tissues of the whole pupae and the abdominal fluid are characterized by intensive mineralization 
of acid-soluble phosphorus compounds during the period of maximum histolysis and at the start of histogenesis. 


During metamorphosis an increase of the nucleic acid content of the whole pupa takes place; this is 
effected by synthesis of DNA and is accompanied by a decrease of RNA, 


Purine nitrogen increases during metamorphosis both in whole pupae and in the abdominal fluid, with a 


considerable decrease of proteins toward the end of development. 


Received August 22, 1956, 


LITERATURE CITED 
[1] Agrell L., Nature 170, 543, 1952, 
[2] Khouvine V., Gregoire, J. Bull. soc, chim, biol, 22, 506, 1940, 
[8] Levenbook L., Feder. Proc, 10, 82, 1951. 
[4] Niemierko S., Acta Biol, Exper, 16, 187, 1952, 
[5] Niemierko S., Wlodaver P., Wojtczak A., Acta Physiol, Polonica 5, 588, 1954, 
[6] Sisyakyan N. M. and Kuvaeva E, B., Biokhimiya, 18, 334 1953. 
(7] Agrell L., Acta Physiol, Scand, 28, 306, 1953, 


[8] Martin Il, H., Doty D. M., Anal, Chem, 21, 965, 1949, 


ar 
i 
3 6 
> 
‘ 
: 
a 
nes =a 
| 
ul 
q 
| 
837 


(9] Vendrely R., Bioch. Biophys. Acta 1, 95, 1947. 
(10] Demyanovsky S, Ya, and Rusakova N. S., Biokhimiya 20, 446 1955. 
{11] Shoven R, Physiology of Insects* Moscow, 1953, p. 59. 


(12] Sisakyan N. M, and Veinova M, K., Doklady Akad. Nauk SSSR, 101, 351, 
(13] Rosedeal J. L., J. S. African Chem, Inst, 28, 3, 1945, 


a 
1955 
a 
4 
; 
a 
cm 
q 
a 
ia 
* In russia Ps 
russian, 
ag 
a 


METABOLISM OF ACETATE-1-C!* ENTERING A 
PLANT THROUGH THE ROOT SYSTEM 


V. I. Tokarskaya (Merenova) and A. M. Kuzin 
Institute of Biological Physics, Acad, Sci, USSR, Moscow 


In the last 10 years a considerable number of papers haw appeared in the literature on acetate metabolism 
in animal tissues [1-5], and on utilization of acetate by insects [6], fungi [7], and bacteria [8-11]. On the 
basis of these investigations it may be concluded that acetate is a widely distributed metabolite in animals and 
microorganisms, However, similar data on plants are far from adequate. 


In the very detailed reviews of research on organic acid metabolism in plants [12,13] mention is made 
of only a few investigations, which show that in certain higher plants acetic acid is also actively involved in 
metabolism, Thus, Krotkov et al, [14] and other [15] have shown that isolated tobacco leaves, exposed to 
light for 2 hours in a tagged acetate solution, actively absorb and accumulate it, while in darkness most of the 
assimilated acetate is expended by the leaves in the course of respiration, 


Rapid formation of organic acids in cut tobacco leaves on infiltration of tagged acetate into them was 
demonstrated by Zbinovsky and Burris [(16} 


Hoskin et al, [17] studied the rate of acetate biosynthesis in isolated leaves of the tobacco, tomato, 
flax, geranium and other plants and showed that acetate is a normal and widely distributed metabolite in 
higher plants as well as in animals and bacteria, According to these authors the average rate of acetate 
biosynthesis is 0.4 mg per 1 g of fresh tissue weight in 12 hours, Comparing these results with the data of 
Bloch and Rittenberg [18] for rats (4.5 mg per 1 g of tissue in 12 hours), the authors concluded that the rate 
of acetate biosynthesis in plants is approximately 10 times lower than in animals, 


The products of acetate metabolism have also been studied in photosynthesizing organisms [19], 


Allison et al, [20) studied assimilation of acetate tagged with c™ in the carboxyl group, and tagged 
with C™ in the methyl group, by blue-green algae under various conditions: in light and darkness, in presence 
and absence of CO,, and in aerobic and anaerobic conditions, They found no difference in the fixation rates 
of these two acetates, but evolution of CO, by the algae was approximately twice as great with the use of 
acetate tagged in the carboxvl, It was shown chromatographically that in all cases of assimilation of acetate 
by the algae, C* was first found in the fats, glutamic acid, and to a small extent in organic acids, 


Krotkov, Vittorio, and Reed [21] showed that isolated tobacco leaves can utilize acetate for carbohydrate 
synthesis only in the light. Carbon of the acetate carboxyl was incorporated in glucose both directly in the 2 
and 5 positions, and after decarboxylation, by utilization of the CO, in photosynthesis. 


In Nance's investigations [22] on incubation of isolated roots of 4-day wheat seedlings with tagged acetate, 
radioactivity was detected in the water-soluble and ether fractions, and also in CO,, apparently formed from the 
products of acetate metabolism as the result of root respiration, 


A series of data has been obtained on incubation of slices of various plant organs with tagged acetate. 
On incubation of tomato stem slices [23] with tagged acetate it was found that in plant, as in animal tissues, 
acetate is oxidized by way of the Krebs citric acid cycle. Similar results were obtained [24] on incubation 
of slices of sunflower seed receptacles with tagged acetate, Of the organic acids isolated, citric, ketoglutaric, 
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and malic acids had considerable radioactivity. 


Newcomb and Stumpf [25,26] showed by incubation of peanut cotyledons with various organic acids, 
glucose, fructose, and certain other organic substances, that synthesis of fatty acids occurred only in presence 
of glucose and acetate, The fats contained 22% of the acetate activity. 


On injection of tagged acetate into tomato fruits [27], 45% of the initial radioactivity was found in the 
CO, expired by the fruits, Proteins and an acid fraction were isolated from the fruit tissues; these had weak 
radioactivity, 


Sisakyan and Smirnov [28] incubated isolated chloroplasts from sunflower and bean sprouts with tagged 
acetate and found that higher fatty acids are synthesized from acetate in isolated sunflower chloroplasts, 


In relation to the role of acetic acid in plant metabolism, undoubted interest attaches to work on the 
paths of the biosynthesis of chlorophyll, Several authors [29,30] have shown simultaneously in experiments 
with tagged acetate on different materials that acetic acid participates in chlorophyll biosynthesis as the inter- 
mediate product of glucose glycolysis. 


It is seen in an examination of the above literature data that all the results were obtained for isolated 
plant organs (either leaves only, or roots, or stem slices, or fruits), which does not give a complete idea of 
the function of acetate in the whole, intact plant organism. Moreover, these investigations did not include 
detailed identification of the substances into which the acetic acid entered in the course of metabolism, and 
the quantitative proportions of the substances formed are not given, 


In the present work we attempted, first, to study the possibility and extent of assimilation of acetic 
acid as a physiologically active substance through the roots, and the influence of light on the assimilation 
process, and second, to study in detail, by the radiochromatographic method, the qualitative composition and 
the quantitative proportions of the substances formed from acetate in the plant, and thus to confirm the 
participation of acetic acid in the di- and tricarboxylic acid cycles in plants, 


EXPERIMENTAL METHOD 


Two-week bean plants (Phaseolus vulgaris), grown in a water culture before the experiments were 
transplanted into experimental vessels containing 100 y C (0.0002 M) of acetate tagged with Cin the 
carboxyl group; the pH of the acetate was brought to 6.8-7.3 by NaOH solution, The purity of the acetate was 
checked before the experiment by paper chromatography. 


Assimilation of tagged acetate by the plants was investigated under different experimental conditions: 
in light and in darkness (4 experiments each), In both cases the experimental vessels with the plants were 
immersed in a Plexiglas chamber through which air free from CO, was passed, The light was provided by two 
incandescent 300 watt lamps. In the dark experiments the chamber was covered with black paper. The roots 
of the plants, immersed in the acetate solution, were isolated from the surrounding atmosphere. The duration 
of the experiments performed for subsequent chromatographic analysis was 4 hours, The absorption of acetate 
by the plant roots was studied in dynamic conditions in the light and in darkness by determination of the radio- 
activity in the living plant leaves by means of a window counter, The determinations were performed on 
similar regions of the leaves (Figure 1). The values found for the radioactivity in different regions of the leaf 
by this method may vary by a factor of 11/,-2, However, separate measurements on the same region of leaf 
give values differing by not more than 5-10% The absorption of acetate by the plants in the light and dark- 
ness was also compared by the autoradiographic method and by measurements of the radioactivity of dried 
plants by means of a Geiger counter, 


To study the acetate metabolism in bean plants, the material was fractionated according to a scheme 
developed by us. The material (leaves and roots separately) was ground with MgO to bind the organic acids 
and then extracted with various solvents, The separate fractions, after concentration, were applied to 
"Leningradskaya Medlennaya” (Leningrad slow) chromatographic paper and chromatographed in various sol- 
vents (see fractionation scheme), One-dimensional descending chromatography was used. 


The activity determinations on the fractions obtained, the culture solution after the experiments, and 
the liberated CO, were carried out by means of a TM-20 window counter with window diameter 2 cm and 
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Figure 1, Dynamic determination of plant radio- 
activity by measurement of C™ in the living 
leaves by means of a window counter. 


solution while others were kept in darkness, 


TABLE 1 


Experi- 
mental 
conditions 


In darkness 


films to avoid any possible chemical action of the substances in the chromatograms on the films, 


RESULTS 


The dynamics of assimilation of tagged acetate (together with its conversion products containing tagged 
carbon) by the leaves in the light and in darkness. was first studied. 


As an example, Table 1 gives the results cf one of the experiments on determination of radioactivity 
in end regions of the living plant leaves, some of which were illuminated after being placed in acetate 


Determinations of C™ Activity in Leaves of Living Bean Plants Immersed 
by the Roots in Tagged Acetate Solution Under Various Experimental 
Conditions, Activities Expressed in Pulses/ min, 


These results show that in the leaves of the plants kept in the dark, appreciable radioactivity begins 
to appear only after several (4-8) hours of exposure to the solution, In the leaves exposed to light, radio- 


mica thickness 2,1 - 10 * mm; the count efficiency it 
was 10%, The CO, was determined as BaCOy. All BF 
the other fractions were placed directly on aluminum ee a 

disks, dried in a vacuum desiccator, and the activities *: 


were measured in that form, 


Preliminary measurements showed that acetate 
gradually loses activity even on addition of excess 
alkali; therefore the determinations were carried out 
as soon as possible after preparation of the specimens; 
the accuracy of the determinations was 2.5% The 
activity of each fraction was determined for 10 
specimens, and each specimen was measured in three 
positions, The tables give the data obtained after 
statistical treatment of the results. 


The radioactivity of each individual compound 
containing c™ in the chromatograms was measured by 
means of a counter with a slit diaphragm, The 
activities of the radioactive spots were added together 
to give the total radioactivity, and the activity of 
each individual compound was expressed as % of the 
total C™ activity in the original spot. 


To obtain radioautographs, the chromatograms 
were exposed with "XX* — ray films for 2 to 6 months, 
according to the C™ activity. The same films were 
used for exposures of the chromatograms for the light 
and dark experiments, Sheets of very thin cellophane 
were placed between the chromatograms and the 
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Fractionation Scheme for Plant Material 


Plant 
(leaves and roots separately) 


| : 
Ilseries of experiments Fixation 
by liquid air, _ g removal of violatile 
with MgO, ether substances under vacuum 
ormic acid and other volat 
Acidificati (fatty acids, pigment) “Vana ‘ 
cidification wit Chromatographic separation in 
H,SO, and ether ex~ etroleum ether-benzene 
3 


traction [31] }mixture (1:3) 
Residue EXttactorganic Separate fractions 
acids) 


Separate fractions 


Extraction with 


4%trichloroacetic acid | Chromatographic separation 


in mixture: n-butanol-formic 
Residue | acid—water 
Extraction with 0,2% 
Acids 


NaOH 
4 
Residue Protein fraction — 
D lization by "MMG" 


Precipitation by 20% trichlloro- Solution containin 
acetic acid and 3-fold reprecipitation 


of proteins, Hydrolysis of romatography in mixture Eluate-solution of free 
teins by 6N HCl at amino acids 
proteins by 6N HC ni butanoleacetic water Chromatography in mixture 


Protein hydrolyzat -butanof-acetic 
Sagat Amino acids “ac d-water 


hromatographic separation of 
mino acids in mixture n-butanok-acetic 
acid—water 
Amino acids 
active carbon begins to appear in a few minutes after the start of the experiment, and the content increases 
rapidly with time. 


In addition to radioactivity determinations in the living leaves, we also determined the radioactivity of 
dried material for different experimental conditions, Table 2 gives the results of activity measurements for 
dried plants, 


TABLE 2 


Amounts of Acetate Absorbed by Plants in 4 Hours Under Different 
Experimental Conditions 
Concentration of Acetate Solution 0,0002 M 


| Activityof |Amountof [Activity of dry mass} Amount of acetate 
nn origina dry plant _| in pulses/min, per | 4bsorbed by plant 


ree solution in 1mg(avera as % of original 
conditions uc mass in g rom whole 
a 


In light 18,210-+54 
In darkness 12 ,.046+-37 


Table 2 shows that, in a 4-hour experimental period, the bean plant absorbed 80% of the radioactivity 
of the acetate taken, while in darkness it absorbed about half the original acetate. 


Krotkov and Barker [14] reported in this connection that cut tobacco leaves absorbed about 80% of the 
original activity from 0,25 M acetate solution in 1-2 hours in the light, In Nance’s experiments [22] isolated 
roots absorbed about 60% of the initial amount of acetate from solution in 2 hours, 
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To determine the amount of acetate which had been absorbed but not utilized by the plant during 
the experimental period, the plants were fixed in liquid air, ground, and acidified with HCl under vacuum; 
the volatile substances were distilled off at room temperature. 


The amounts of acetate assimilated by the plants, after removal of nonutilized acetate, are given in 
Table 3, 


It follows from Table 3 that, during a 4-hour experimental period in the light, the plants assimilated 
a considerable amount of radioactive acetate (12.2%), while in the dark only 4% of the amount of Cc taken 
up by the plants was present in the bound state, 


TABLE 3 


Amounts of Acetate Assimilated by Bean Plants in 4 Hours Under Different 
Experimental Conditions 


Amountof | Amount of | Activity of dry Acetate assimilated 
absorbed dry plant | plant mass in pulse/ as % of amount 
conditions acetate in | in g min, per 1 mg absorbed 


pC (average sample 


Experimental 


In light 82 1.4 2. 12.2 
In darkness 54.7 0.99 3.98 


The amount of C’ liberated by the plants in the form of C0,, was determined as follows: the plants 
were placed in a hermetized chamber with two stopcocks in the cover. One stopcock was joined to an 
absorption vessel filled with 0.5 N NaOH solution, This vessel was in turn connected to a manometer and 
pump. The other stopcock was connected to a vessel with soda lime, The radioactive carbon dioxide liberated 


by the plants after decarboxylation of acetate was removed by drawing air free from carbon dioxide through 
the chamber. The CO, was absorbed by the alkali and at the end of the experiment it was precipitated by 
BaCl, and isolated as 


TABLE 4 


Activity of CO, Liberated by Plants in 4 Hours Under Different Experimental 
Conditions 


%oof a- 


Experimental 
conditions 
Amount of acetat 
absorbed, in pC 
Amount of BaCOs 
in pC 
Specific activity of 
BaCOsin pulses / 
min, per 1 mg 
Total activity 
in pC 
mount absorbed 


Activity of ace- 

tate taken for ex- 

periment, in pC 
Activity of C14 
liberated by plants 
as COs, as 


In light 100 


56 1925 0.49 


In darkness 100 54,7 489 9 160 24.88 40 


It is seen from the data in Table 4 that in darkness most of the absorbed acetate (40% is rapidly de- 
carboxylated and converted into CO,, so that acetate is used in the dark by the plant as a respiratory substrate. 
A comparison of the specific activity of the CO, liberated by the plant in the light and the specific activity 
of the plant material in these conditions (Table 3) shows that the latter is considerably higher. This indicates 
that, in the light, the first stage of acetate utilization apparently consists mainly of its conversion into water- 
soluble nonvolatile substances, In order to take into account the difference between the amount of C taken 
up by the plant and c™ remaining in the solution, the activity of the culture solution was measured, After 
the experiments 0,01 ml samples were taken from the culture solution, spread over aluminum disks, dried in 
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a vacuum desiccator, and the activity determined by means of a counter, The activities were calculated re- 
lative to the amount of solution remaining after the experiment. These results are given in Table 5, 


An attempt is made in Table 5 to calculate the balance of the distribution of C™ taken up by the plant 
from the acetate, The data representing the activities of C in the plant material, in the culture solution 
after the experiment, and in the expired CO, after 4 hours of exposure of the plant to radioactive acetate in 
the light and darkness, are relative, but they give a clear idea of the utilization of acetate by the plants, 


The results of activity determinations for the different fractions, given in Tables 6,7, and 8, show that 
acetate is actively involved in metabolism in the bean plant, 


TABLE 5 TABLE 6 
Relative Distribution of C™ from Acetate Distribution of CM from Tagged Acetate 
in Bean Plants after 4 Hours of Root Feeding between Different Fractions of Bean 


under Different Experimental Conditions Plants, as % of the Assimilated Activity 


Amount of Water-soluble! 
Distribution of as initial Experimental fraction § 
activity conditions 2 2 
Light davk- als 
In original solution 100 100 
In culture solution after In light 42 |40 2.7]7. 3/6. 91.4 
experiment 14 27 


In darkness 48 0.3 |4.5]5.5)0.2 


In acetate absorbed but 


not utilized by plant 68 32 

In CO, formed by re- 
spiration 0.05 | 21 

Activity assimilated by Examination of Table 6 shows that most 
plant 10 1.8 of the acetate carbon (85%) is included in the 


water-soluble fraction (organic acids, amino 
acids, sugars), both in the light and in darkness; 
a considerable amount of C! (14%) is present 

in the protein and lipid fractions (fatty acids and 
pigments), and only a small proportion of the radioactivity is found in cellulose, Incorporation of acetate 
carbon in the leaf residue becomes appreciable only on more prolonged exposures of the plants to the tagged 


acetate solution — 24 hours and over.. In the water-soluble fraction in the light, the activities of the organic 
acids (42%) and amino acids (40% are almost equal. 


Total 92.05 | 81.8 


The organic acid fraction contains almost all the components of the citric acid cycle, tagged with ge 


citric, malic, a-ketoglutaric, succinic, and fumaric acids, and also small amounts of oxalic and tartaric acids 
(Table 7 and the radiochromatogram in Figure 2), 


The specific activities of these acids decrease from citric to fumaric acid; the activity of malic acid 
is almost double that of fumaric, Accumulation of malic acid apparently indicates inhibition of malic 
codehydrogenase in the system, but this question was not specially studied, 


The activities of these acids are considerably higher in the light than in the dark experiments. In con- 
sidering the activities of the acids in the different plant organs (Figure 2) it should be noted that, in the light, 


acetate is converted into organic acids aay already in the roots, but considerable amounts of organic acids 
are also found in the leaves, 


In the dark experiments, the organic acid activity is concentrated almost exclusively in the roots, main- 
ly in the form of citric and malic acids, Succinic acid also has appreciable activity in the dark. 


The low specific activity of the CO, liberated during respiration in the light, relative to the activities 
of the acids of the citric acid cycle, may indicate that acetate enters directly into metabolism, without 
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preliminary decarboxylation. 


The amino acid fraction isolated from the plant material extract has approximately the same radio- 
active content as the organic acid fraction, and the distribution of the C™ activity among the identified amino 
acids is almost uniform, In the light, all the radioactivity of this fraction is concentrated in the leaves, while 


in the dark a considerable amount of the tagged amino acids is localized in the roots (Table 8 and radiochro- 
matograms in Figure 3), 


TABLE 7 TABLE 8 


Inclusion of C“ from Acetate Tagged in Inclusion of C™ from Acetate into Various 
the Carboxyl Group, into Organic Acids Amino Acids of the Bean Plant 


__Activity Activity 
|_dark 


Amino acids 


g 
E 


Activity of original Activity of original 
Citric 4846|50 | 625/30 Aspartic acid 


a-Ketoglutaric 2531/28 54; 2.5 Asparagine 1741/20 | 319}15.2 
Aalic 439) 4. 50 Glycine (serine, 
Fumaric 238] 2.5) — | rginine) | 84) 4 
Others ° +A] 25 Glutamic acid 

Glutamine 2723/31 .3} 423)20 


Alanine 1281|14.5) 94) 4.3 


Methionine and un- 
identified amino 2723 23 
Leucine 156] 1.8] 94] 4.5 


The first place in the amino acid radiochro- 


matograms (Figure 3) (and also in order of activity) is occupied by dicarboxylic amino acids and their amides. 
The contents of glutamic acid + glutamine, and of aspartic acid + asparagine, differ considerably in parallel 
chromatograms, probably because of the high reactivities of these acids and the‘r rapid conversion into amides, 


Alanine had considerable radioactivity in the chromatograms, Accumulation of alanine among the 
acetic acid metabolites indicates that the system probably contains large amounts of tagged pyruvic acid, 


which because of its lability does not appear in the chromatograms but is rapidly aminated and converted into 
alanine [32]. 


The third place by C“ content among the amino acids is occupied by methionine, detection of which 
on the radiochromatogram of leaf extract in the light experiments is obscured by unidentified acids, but in 
the root extracts from the dark experiments the methionine spot is clearly defined, and represents a consider- 
able proportion of the radioactivity in the roots, 


The glycine spot consists of several amino acids, the R, of which are very close together, and therefore 
the radioactivity of each individual compound was difficult to determine by means of a counter without the 
use of two-dimensional chromatography. Distinct activity in the roots in the dark was shown by leucine, the 
radioactivity of which, like that of methionine, in the extracts of leaves from the light experiments, is obscured 
by the common spot for the unidentified amino acids, 


Only about 3 % of the acetate radioactivity assimilated by the plant is contained in soluble sugars 
(Figure 4,1), the activity of which is detected only in the leaves from the light experiments. 


Protein hydrolyzate,. In chromatographic separation of the protein hydrolyzate (Figure 4, IV), 
most of the activity was found in glutamic acid, and only a small part in two unidentified compounds, 
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Figure 2, Radiochromatograms of organic acids 
formed in the plant after 4 hours of exposure of 
bean roots in solution of acetate-1-C™ in the 

light (I) and dark (ID): 

1) leaf extract; 2) root extract, acids: a) oxalic; 
b) tartaric; c) citric; d) malic; e) a-ketoglutaric; 
f) succinic; g) fumaric. 


The ether fraction has considerable 


Figure 3, Radiochromatograms of amino acids 
formed in the plant after 4 hours of exposure of 
bean roots in solution of acetate-1-C in the 
light (I) and dark (I): 

1) leaf extract; 2) root extract, a) aspartic 
acid, b) asparagine; c) glycine, serine, arginine; 
d) glutamic acid; e) glutamine; f) alanine; 

g) methionine; h) leucine, 


radioactivity (Figure 4, I). The c™ acetate activity is concentrated in the chromatogram in four unidentified 
fatty acids (7% of the total activity) and apparently in green pigments, 


Volatile fraction (Figure 4, III). The radiochromatogram of the distillate from the plants shows 
that all the activity of the volatile fraction is in the acetic acid not utilized by the plant, The volatile sub- 
stances were distilled off under vacuum; the distillate was absorbed in NaOH solution and evaporated to a small 
volume, and then used for chromatographic analysis in n-butanol — ethanol — 3N NHg mixture (see fractionation 
scheme), 


The use of paper chromatography in conjunction with radiochromatography proved extremely useful for 
detection of the isotopic products of tagged acetate metabolism, 
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Figure 4, Radiochromatograms of extracts from bean plants after 4 


hours of exposure of their roots in solution of acetate-1-C™ in the light: 
I) soluble sugars; II) fatty acids; II) volatile fractions: IV) protein 
hydrolyzate: 1) leaf extract; 2) root extract. a) glucose; b) fructose; 
c) unidentified fatty acids; d) acetic acid; e) glutamic acid, 


In summarizing the results of chromatographic analysis of substances containing acetate carbon, we note 
that over 70% of the C™ activity incorporated in the plant is present in the following compounds: glutamic 
acid (not only in the free state but also in proteins), citric, a-ketoglutaric, and unidentified fatty acids. 


Sisakyan and Smirnov [28], who incubated isolated chloroplasts from suflower and bean seedlings with 
tagged acetate, showed that higher fatty acids are synthesized from acetate in isolated sunflower chloroplasts, 
Incorporation of acetate into fatty acids in bean chloroplasts in vitro was not Observed, The authors attribute 
this to specific metabolic differences between these plants, 


By the use of chromatographic analysis of the products of acetate metabolism, we found in the present 
investigation that in bean plants, acetate is involved in fatty acid synthesis in almost the same proportion as 
in protein synthesis (see Table 6), 


It follows from our results that acetic acid which enters the plant through the root system participates 
actively in metabolism, being converted in the plant into all the components of the Krebs cycle and into 
certain free amino acids, lipids, and sugars, and is also involved in protein synthesis, mainly through glutamic 
acid. Some of the acetic acid carbon is also found in the cellulose, probably by conversion of part of the 
glucose into reserve polysaccharides, 


It definitely follows from the radiochromatograms and the data on the activities of the individual 
fractions in this paper that in higher plants, as in animals and bacteria, the Krebs citric acid cycle is the 
principal path of acetate oxidation, providing a-ketoglutaric and other acids for the synthesis of mono- and 
dicarboxylic acids in plants (see diagram). 
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Oxalosuccinic acid 


Malic acid* 


a -ketoglutaric acid® 
acid* Glutamic acid* 
acid® 
umaric 


Acetic acid transformations in bean plants, Substances into which 


acetic acid was converted in our experiments are indicated by 
asterisks, 


SUMMARY 


A detailed study has been made of the assimilation of acetate-1-C™ by bean plants through the root 
system under different experimental conditions (in darkness and in light). It is shown that acetate enters the 


leaves from the roots more rapidly in the light than in darkness. During 4 hours in the light, bean plants 
absorbed 80% of the initial acetate activity, and in the dark, only 55% 


The amount of C™ incorporated into various organic substances in the light corresponds to 12% of the 
radioactivity taken up, while in the dark, acetate was used by the plants mainly for respiration (40% of the 
absorbed radioactivity was found in the expired CO,) and only 4% was incorporated in various organic products. 


Radiochromatographic identification of the acetate metabolites showed that C™ from acetate is in the 
first instance incorporated into all the acids of the Krebs cycle (42% of the C™ activity in the chromatograms) 
and free amino acids (40% of the c™ in the chromatograms); of the amino acids, the dicarboxylic amino acids 
(glutamic and aspartic) and their amides had considerable radioactivity. 


A considerable amount of C™ was incorporated in proteins in the form of glutamic acid, The fatty acids 
in the radiochromatograms appeared as four unidentified acids, the radioactivity of which was 7% of the ab- 


sorbed C™ activity, Soluble sugars (glucose and fructose) contained about 3% of the radioactivity in the 
chromatogram, 
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ENZYMATIC OXIDATION OF ASCORBIC ACID 


IN OPEN SYSTEM CONDITIONS 
A. G. Pasinsky and V. P. Blokhina 
A, N. Bakh Institute of Biochemistry, Acad, Sci. USSR, Moscow 
Enzyme reactions in any cell of a living body occur in conditions of constant diffusion of metabolites 
into the cell and transfer of the reaction products from the cell into the surrounding medium, that is, in open 


system conditions, Nevertheless, studies of enzyme reactions have been hitherto confined to reactions in 
closed systems, in which the concentrations of the reactants and the reaction rates vary continuously from the 
beginning to the end of the process. In contrast to reactions in closed systems, a stationary state may become 
established in an open system, and this may be dynamically maintained by continuous exchange with the 
surroundings for any desired period, Inviewof the undoubted interest which attaches to studies of the steady 
state in enzyme reactions, the first attempt has been made in the present investigation to carry out such a 
study, for the very simple reaction of enzymatic oxidation of ascorbic acid A ~ D in presence of peroxidase. 


Suppose that a substance A continuously enters from the external medium with a transfer (diffusion or 
permeability) coefficient K_ and at concentration S, while the reaction product D is continuously removed 
from the system with a transfer coefficient K. and at concentration Z, We then have the open system: 


- where the boundaries of the system are denoted by dotted lines, S and Z refer to the external medium, and K 
: and K* are the rate constants of the forward and reverse chemical reactions A —~ D. If the transfer processes 
obey Fick's law, and the chemical reactions conform to the first order equation, then, denoting the concentrations 
of A and D ata given time instant by xy and x», we have according to Burton and Denbigh [1,2]: 
dx, 
— Ko(S — — Kx, + K 
dx (1) 
it = Kx, — Kz — 
In the stationary state the concentrations of substances A and D are dynamically maintained constant in 
2 
time in the system, - = “i 0, and hence we have from Equation (1), for the stationary state a of substance 
A: 
KoK, + + KK, 
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: 
and for the stationary state d of the substance D; 
KoKS +- K,(K + Ko) Z 
d= (2 ) 
KyK, Kok’ AK, a 


If transfer of substance D takes place into pure running water, then Z = O; moreover, for an irreversible 
reaction, such as oxidation of ascorbic acid by hydrogen peroxide, K'= O, In this case Equation (2) passes into 
the following simple equation: 


A corresponding equation is easily derived also for substance D, but for the irreversible reaction A ~ D 
we shall confine ourselves to Equation (3); a more complex equation for a reversible reaction will be considered 
in another paper, 


a 


It is seen from Equation (3) that the value of a depends on the concentration S of the source, the transfer 
constant K , and the chemical reaction rate constant K, Any change in any of these parameters in the open 
system, or in any external conditions (temperature, pressure, etc.) would give a new stationary state concentration 
of ascorbic acid, 


The general theory of open systems [3] leads to the following characteristic properties of the stationary 
state of interest in the present investigation; a) catalysts (enzymes) in an open system influence not only the 
reaction rates but also the stationary concentrations of the reactants; b) if the stationary state conditions in an 
open system are changed, compensatory processes develop in the direction of preservation of the properties of 
the system in the sense of the extended principle of Le Chatelier (dynamic stabilization of the stationary state); 
c) transitions from one stationary state into another in an open system are not represented by steady curves, but 
pass through extreme values (usually through a maximum or a minimum position), These properties have been 
studied for a hydrodynamic model of running water [1] and for the action of persulfuric acid on glucose [2]. As 
has already been stated, in the present investigation an enzymatic reaction (oxidation of an acid) has been 
studied for the first time in this respect. 


EXPERIMENTAL 


Crystalline ascorbic acid was used; the hydrogen peroxide was chemically pure (28%); peroxidase was 
isolated from horse radish, the activity of the preparation by the purpurogallin test [4] being about 35% The 
ascorbic acid concentration in the mixture was 0,6% and the hydrogen peroxide concentration 0.1%, so that 
the molar concentration of ascorbic acid was somewhat higher (by 15%); 1-3 mg of the enzyme preparation 
(previously dissolved in 1 ml of water) was added to 25 ml of a mixture.of equal volumes of 1.2% ascorbic 
acid and 0,2% hydrogen peroxide. During the reaction, samples ( 0.1 ml of the solution) were taken every 
10 minutes, and the ascorbic acid content was determined by titration with 0,001 M KIOg in presence of KI, 
the end point being established by the iodine — starch reaction; the reproducibility of the titrations was 0,02 
ml, or 0,2-0,3% of the total quantity estimated. The sampling did not disturb the course of the reaction, as 
the volume of a sample was only 0.4% of the solution volume, which had no significant effect on the course 
of the curve. 


In experiments in static conditions (in a beaker, at 20°, pH 3,0) the ascorbic acid content of a mixture 
of equal volumes of 1.5% ascorbic acid and 0.2% hydrogen peroxide fell along a steady curve for several hours 
(Figure 1), the curve being rather more steep on addition of the enzyme. The curve. in Figure 1 was satis- 
factorily represented by a second order equation with a rate constant K = 2,2 + 1074 liter/ mole/ second; in 
view of the irreversibility of the reaction A> D, equilibrium was not reached in the experiments, 


The apparatus shown in Figure 2 was used for the experiments in stationary conditions, 
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The reaction mixture was placed in the cylinder A with a cellophane membrane stretched across its 
lower end; three sizes of apparatus were used, with membrane diameters: 1) 1.6; 2) 2.4; and 3) 3.7 cm. 
The cylinder A was contained in the vessel B through which thermostatically controlled distilled water (in 
most of the experiments at 20°) flowed continuously, passing over the outside of the membrane C, and over- 
flowing over the edge of the vessel into a receiver. The two reacting solutions were supplied continuously 

into the vessel A from the vessels D and D* through narrow capillaries (r = 0,13 mm) the ends of which were 
immersed in the liquid, The incoming hydrogen peroxide solution was of the initial concentration (0,2%), 
while the ascorbic acid concentration was somewhat higher (in vessels 1 and 2, S = 1.5% or 0,0852 M; in 

vessel 3, 2.5% or 0,142 M). The influx of the reacting substances from D and D} was about 2-2,5 ml per 

hour, and the volume of these vessels was 10 ml, the liquid level in them being kept constant; thus, the 

liquid flow rate was almost constant during the experiment (1,5-2 hours), The flow conditions were 

such that the reactants continuously entered a constant volume of liquid in A at a rate commensurable 
with the rate of the diffusion process, while the reaction products together with a part of the starting substances 
were carried out of the vessel through the membrane C, 


KIO, in ml 


At t= 21 hours, 


Time in hours 


Figure 1, Kinetics of ascorbic acid oxidation in 
static conditions, 


The ascorbic acid material balance (as an 
example of experiments in vessel 2) was as follows, 
The influx of ascorbic acid was 2.5 ml of 1.5% 


2.50.01 Figure 2, Diagram of the apparatus, 
solution per hour or “36-105 = 1075 g/second, Special measurements showed that diffusional transfer from 


25 ml of 0.6% ascorbic acid solution through the membrane C (2,4 cm in diameter, 0,03 mm thick) into pure 
running water was 2 + 1076 g/ second. The sampling took 0.6 ml of 0. 6% solution per hour, or 107 5 o/ second 
and the overflow of the liquid entering from D and D' was found, by direct measurements, to be 2.5 ml of 
0.6%solution per hour, or 4° 10°§ g/ second, Consequently, in the stationary state, when the influx of ascorbic 
acid was exactly compensated by its total loss (by diffusional transfer, sampling, overflow of excess liquid, 
and chemical reaction), the amount involved in the chemical reaction was 3+ 107 g/ second (in 25 ml), 


In each experiment, the reaction in the solution in vessel A (Figure 2) was first studied without the 
enzyme; then, after a stationary concentration AB (Figure 3) of ascorbic acid had been established (in 50-60 
minutes), the enzyme preparation was added to the solution and its effect in the establishment of a new 
stationary state was studied, Addition of 1 ml of water instead of the enzyme at the point B (Figure 3) in a 
control experiment had no detectable influence on the stationary concentration of ascorbic acid, Addition of 
1 ml of enzyme solution (1-3 mg) at point B, on the other hand, naturally increased in the reaction rate, and 
the ascorbic acid titer fell to the point C (Figure 3), but there was then a corresponding decrease in diffusional 
transfer through the membrane, and as a result a new stationary state DE became established in the system with 
the enzyme, as stable in time as the original state AB, but at a lower level; an interesting fact was that the 
state DE was closer to AB than was the minimum point C. Thus, the transition from one stationary state to the 
other did not follow a smooth curve ABDE, but passed through a minimum BCD. Analogous results were obtained 
at ascorbic acid concentrations (in the mixture) of 0.3 and 1.1% with corresponding changes in the concentration 
of the incoming liquid (0,7 and 2.5% and of the stationary concentration level (Figure 4, i and Il). 
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KIO, in ml 


2 
Time in min, Time in min, 
Figure 3, Enzymatic axidation of ascorbic acid Figure 4, Enzymatic oxidation of ascorbic acid in 
(0.6% in flow conditions , flow conditions at different concentrations: 


i= 0.3% 1.1% 


Time in min, 


Figure 5, Enzymatic oxidation of ascorbic acid in flow 
conditions with enzyme added in two portions. 


If the enzyme was introduced in two portions of 0,5 mg in 1 ml water, with an interval of 120 minutes 
between the additions (Figure 5), after the initial stationary state AB (without enzyme) and addition of the 
first portion of enzyme the curve passed through a minimum BCD, followed by a stationary state DE, which 
persisted for 90 minutes; introduction of the second portion of the enzyme at the point E was followed by a 
minimum EFG, which then passed into a new stationary state GH. Thus, after each new acceleration of the 


chemical reaction the system enters a new stationary state, passing each time through an intermediate minimum 
position, 


The stationary state of the reaction depends not only on the reaction rate (altered by addition of the 
enzyme, see Figure 3-5) or the initial concentrations (Figure 4), but also on the diffusion characteristics of 
the system, As has been stated, different membranes were used in the apparatus described above (Figure 2), 
1,6, 2.4, and 3.7 cm in diameter; this corresponded to variations of the diffusion area in the proportions of 
1;2,2: 5.3, Experiments were carried out in each of these vessels at different enzyme concentrations, giving 
different variations of the kinetic parameters of the system. In this case the general form of the curves was 


the same as in Figures 3-5, but it was found for each vessel that with a definite increase of K, curves of the first a : 
type (Figure 6,1) pass into curves of the second type (Figure 6, II), when the new stationary state remains at -" 
the lowest level and the system does not leave the minimum position; we shall return to this point later, in the 7 
discussion of the tabulated data. a 


Finally, in a number of experiments the effect of changes in the reaction rate by heating or cooling the 
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system was studied (vessel 2 was used for these 
experiments), 


The heating did not exceed 40°, so that in- 
activation of the enzyme can be regarded as excluded 
(heat inactivation of the enzyme was observed only 
at 80°). The first part of the experiment — establish- 
ment of the stationary state without enzyme and tran- 
sition to the new state after addition of enzyme — 
was performed as before, but the solution was then 
tapidly heated to 40°, and this temperature was main- 
tained by circulation of water heated to 42° over the 
outside of the membrane for 60 minutes, 


In this time, as Figure 7 (Curve I) shows, a 
stationary state could not be reached (third type of 
Figure 6, Main types of curves for changes of the curve, Figure 6, III), However, with heating to 30° 
stationary state. the system still reached a stationary state, although 

the minimum in this case was not low (Figure 7, 
Curve I), On the other hand, when the system was cooled to 15° and the reaction rate diminished, the course 
of the process began to be reversed (Figure 7, Curve III); in this case also a stationary state was not reached in 
2 hours, Analogous results were obtained in experiments in which the system was heated or cooled in absence 


of enzyme, Thus, in experiments with vessel 2, the stationary state of the system was confined to temperature 
variations of only a few degrees. 
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Time in min, 


Enzyme added 
Heated to 40° 


Heated to 30° 


Enzyme added 


Enzyme added Cooled to 15° 
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90 


Figure 7, Enzymatic oxidation of ascorbic acid in flow conditions 
at various temperatures, 


DISCUSSION OF RESULTS 


Enzymatic oxidation of ascorbic acid in flow conditions is one of the simplest examples of open enzyme 
systems, which differ from the systems usually studied in closed vessels by a continuous connection with the 
surroundings, both in entry of the reacting substances from the external medium, and in removal of the reaction 
products from the system, It is seen from the above results that even in its simplest form such a system has 

new distinguishing characteristics not found in a closed system — primarily, the establishment of a stationary 
state, constant in time, based on continuous renewal of the composition of the system and a dynamic balance 
the influx and efflux processes. It follows from Equation (3) that the establishment of this state depends on 
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definite relationships between the kinetic and diffusional parameters of the system and the initial component 
concentrations, If any one of these parameters is changed, the system passes from one stationary state into 
another, The curves in Figures 3-7 demonstrate the considerable mobility of the open system in relation to 
variations of the reaction rate (which was varied in our experiments by changes in the amount of enzyme, 
heating or cooling of the system, repeated addition of enzyme, combined action of enzyme and heat) changes 
of component concentrations, and changes in diffusional transfer of the components from the systern (effected 
in our experiments by variations of the membrane area), A remarkable fact is that the new stationary state, 
after an initial relatively sharp change, then became established at a level nearer to the original level, 
characterizing the ability of open systems to effect dynamic stabilization of the stationary state (in the sense 
of the extended Le Chatelier principle). 


The above results (Figures 3-7) show that even the simplest enzyme system in flow conditions shows the 
main characteristics of reactions in open systems; influence of catalysts on the stationary concentrations, 
ability of the system to bring about dynamic stabilization of the stationary state, and variation of the stationary 
levels through intermediate extreme states [i-3], which are not found in reactions in closed systems, 


It is interesting to note that these properties are retained only within definite limits of variations in open 
systems, On excessive acceleration of the chemical reaction (by addition of various amounts of enzyme) or 
of diffusicnal transfer through the membrane, or if the temperature is raised by more than 10° or lowered by 
5°, the compensating power of the system is weakened, and the transition between the stationary states is of 
the form represented by the curve in Figure 6, I, while subsequently the stationary state cannot be attained 
at all (Figure 6, II). 


Equation (3) may be used to determine the quantitative limits for variations of the kinetic parameters 
of the system compatible with retention of stabilized stationary states (of the type of Figure 6, I) in the system. 
By substitution into Equation (3), S, the molar concentration of the incoming ascorbic acid, and a, the molar 
concentration of ascorbic acid in the stationary state, found from the curves in Figures 3-5 and 7 (sections 
AB and DE), the ratio S/a_ can be used to determine the relative change K/ K, before and after introduction 
of the enzyme, It should be pointed out, however, that the values of K and K, for the apparatus shown in 
Figure 2 differ from their values in Equation (3) in that K represents the entry of ascorbic acid by flow and 
not by diffusion, while K represents the total loss of ascorbic acid as the result of the chemical reaction in the 
vessel A and diffusional transfer through the membrance C; however, since the transfer factors (K_ and K_) 
do not depend on addition of the enzyme, the relative change (K/ K) calculated from Equation 8) still depends 
only on changes of the kinetic parameter K as the result of addition of the enzyme. 


Changes of the Stationary State in Enzymatic Oxidation of 
Ascorbic Acid 
Designations explained in the test 


Membratle cunt 
oMiameter 
> =lin cm 


of enzym 
in mg 


.04 | 0.978 
.16 | 0.905 
.26 | 0.858 


ess ssf 


Note. Enzyme which had been stored, with decreased 
activity, was used in vessels 2 and 3, 
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3 Type of 
A s (Sia, | 4 | aja, Purve in 
Fig. 6 
1 0852 | | 4 I 
a I 1.6 3 0852 | 2.94 | 1 II a 
10 0852 | 2.88 | 1 II 
5 0852 | 2,93 | 1.06 | 0.984 I 
2 2.4 10 0852 | 2.88 | 1.075) 0,970 I a 
25 0852 | 2.92 | 1.10 |0.950 | 
15 142 | 4.30} 1.09 }0.947 | J 
q 3 3.7 60 142 | 4,40 | 1.12 |0,925 I lr 
120 142 | 4.62 | 1.22 |0.850 | J/ 
a 


The ratios of the stationary levels (a/ a9) before and after introduction of the enzyme were also calculated. 
The calculated results of experiments performed in vessels 1,2, and 3 with different enzyme concentrations are 
given in the Table; here (S/ a)» is the value for the initial stationary state in absence of enzyme; A is the 
relative change in the values of (K/ K) for the initial stationary stationary state and the minimum point 

after addition of the enzyme. The last column indicates the nature of the stability of the stationary state of 

the system in the given experimental conditions (according to the curve type, I or II, in Figure 6). 


This table shows that the enzyme system studied is capable of stabilizing variations of the stationary 


state with 7-12% variations of the kinetic parameter A, and corresponding variations of 2 to 7% of the 
stationary level, If the kinetic parameter A is varied by 16-26 % the change of the stationary state no longer 
follows a type I curve (Figure 6), but a type II curve, and the system becomes incapable of compensating the 
changes in the stationary state, It should be noted that the limits of these changes are not the same for 
different vessels and experimental conditions, For example, with a membrane diameter of 3,7 cm and S = 
0,142 the curve type changed at values of A between 1,12 and 1,22, while with a membrane diameter of 2.4 
cm and S = 0,0852, it changed at values of A between 1,075 and 1.10; analogously, the limits as given by the 
values of the changes in the stationary level are at 0.925 for vessel 3, 0.970 for vessel 2, and apparently near 
0.978 (and A = 1.04) for vessel 1, Thus, the “endurance threshold" of an open enzyme system depends on the 
rates of the diffusional transfer processes and of the chemical changes in the system. 


SUMMARY 


The stationary state of an enzymatic reaction in open system conditions, for various kinetic and 


diffusional parameters of the system, has been studied for the first time, for the oxidation of ascorbic acid. 


It is shown that enzymatic reactions in open system conditions are characterized by a number of 


properties (influence of catalysts on the stationary concentrations, ability of the system to become dynamically 
stabilized, changes of the stationary levels through intermediate minimum states, etc.) which are not found 
in reactions in closed systems, 


It is shown that the ability of an open enzymatic system to effect dynamic stabilization of the stationary 


state depends on the rates of the diffusion and chemical processes in the system; the quantitative limits of the 
kinetic changes (about 10% in the system studied) compatible with dynamic stability of the system have been 
determined, 
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INVESTIGATION OF ACTIVE SULFHYDRYL (THIOL). 
GROUPS IN CARBOXYLASE COMPONENTS: 


S. I. Kanopkaite 
A. N. Bakh Institute of Biochemistry, Acad, Sci. USSR, Moscow 


Thiol groups play an important part in the catalytic activity of many enzymes, The great importance 
of thiol groups has been established for urease [1,2], DL - glyceraldehyde dehydrogenase [3], succinic oxidase 
[4], choline acetylase [5], a-amino acid oxidase [6], liver ribonuclease [7], thiaminase [8], 6 -amylase 
(9], and others, 


Thiol groups are usually detected by specific reactions with mercaptide-forming compounds and alkylating 
or oxidizing agents, which inactivate the enzymes, The action of thiol poisons on carboxylase has been 
studied by numerous workers [3,4,10-16]. 


By the nature of the action of various poisons and antagonists it has been established that carboxylase 
is an enzyme which contains SH groups important in its activity. Inhibition of carboxylase by heavy metals 
is counteracted by thiol compounds such as cysteine, reduced gluthathione, etc, This activating effect of 
SH-containing compounds is one of the most weighty proofs of the important role of SH groups in the enzyme, 
Thiol-free enzymes, such as cytochrome oxidase or catalase, when inactivated by organic mercury compounds, 
are not reactivated by the action of SH-containing compounds [17,18]. 


Stoppani et al. [16] showed that yeast carboxylase is inhibited by heavy metals and p-chloromercuribenzoate, 
As this inhibiting action of the poisons is not decreased by addition of thiamine pyrophosphate (TPP) it appears 
that the SH groups of carboxylase belong to the apoenzyme rather than to the coenzyme. 


On the other hand, however, there are data on the exceptional lability of sulfur in the thiazole ring of 
thiamine [19,20] or thiamine pyrophosphate [21]. Matsukawa [22] recently investigated some new reactions 
which occur readily between thiamine and cysteine with formation of a disulfide — thiaminecysteine. A new 
compound, allithiamine [23], has also been discovered, formed by the action of garlic extracts (Allium sativum 
japonicum) on thiamine, which is also a disulfide derivative of thiamine. The thiazole ring of the thiamine 
molecule readily forms compounds with proteins containing SH groups, with egy and serum albumins, with 
activated papain, and with reduced glutathione [24]. These facts provide convincing evidence of the dynamic 
and labile nature of the bond between sulfur and carbon in the 1,2 position in the thiazole ring. They naturally 
suggest the possibility of SH group formation in the coenzyme and participation of these groups in the 
decarboxylation reaction, especially as TPP in the thiol form, according to literature reports [24] and our own 
data, is capable of acting as a coenzyme to the same degree as TPP in the thiazole form. 


However, as all the above experiments were carried out on natural systems, in which the influence of the 
SH groups in the apoenzyme and coenzyme could not be studied separately, in our view it is not possible to 
decide finally on the basis of the literature data which SH groups are involved in enzyme reactions: SH groups 
of the apoenzyme or SH groups of the coenzyme. 


The purpose of the present investigation was to establish the exact location of the SH groups responsible 
for the carboxylase reaction, For this a reconstructed carboxylase system was used. consisting of yeast 
carboxylase and synthetically prepared thiamine pyrophosphate (TPP) in its thiazole (TPP-Tz) and thiol 
(TPP-SH) forms (a description of the preparation of these compounds will be given in another paper). 
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Apocarboxylase was obtained from dry baker's yeast by washing it with weakly alkaline phosphate solution, 


The thiol posions used were p-chloromercuribenzoate (p-CMB) and silver nitrate, being the strongest 
carboxylase inhibitors [19]. 


EX PERIMENTAL 
Experiments With Apocarboxylase Previously Treated With Thiol Poisons 


0.25 g of dry baker's yeast was washed with 0.1 M phosphate buffer at pH 8 to remove cocarboxylase. 
The yeast was then suspended in 15 ml of 0.2 M phosphate buffer at pH 6,2 and the suspension was divided into 
two portions, To one portion 0,197 j:mole of AgNOs solution per milliliter of suspension was added (this amount 
was enough for 90% inactivation of the system), After 3 minutes' standing at room temperature, both portions, 
with and without silver nitrate, were centrifuged for 5 minutes to remove excess silver ions, The precipitate 
was again suspended in the same volume as before (7.5 ml) of 0,2 M phosphate buffer. 1 ml portions of this 
suspension were taken for each experiment, 


The carboxylase activity was measured by 
the evolution of CO, in absence and presence of 
thiol poisons, Each Warburg vessel contained, in 
the main space, 1.5 ml of 0,2 M phosphate buffer 
at pH 6.2; 0,2 ml of Mg*t* (4.1 mole) and Mnt* 
(0,054 pmole) in the form of chlorides; 1 ml of 
apocarboxylase, either untreated or previously 
treated with the poison; 0.1 ml (0.3 pmole) of 
TPP as TPP-Tz or TPP-SH. The side tube contained 
0,2 ml (0.090 millimole) of sodium pyruvate, The 
final volume was 3 ml, the final pH, 6.2. The gas 
space contained air; incubation was 30 minutes at 30°. 


p liters CO, in 30 min, 


Figure 1, Inhibition of carboxylase activity by 


previous treatment of apocarboxylase with AgNO 
(0.197 pmole): sisting of apocarboxylase previously treated with 


silver nitrate was inactive after subsequent addition 
of the coenzyme, whether in the TPP-Tz or in the 
TPP-SH form, These experiments therefore show 
that preliminary treatment of the enzyme protein 
with a thiol poison inactivates the enzyme. 


1) coenzyme TPP-Tz; II) coenzyme TPP-SH; 
1 and 3) reconstructed system without AgNOg; 

2 and 4) reconstructed system after AgNOgs 
treatment, 


Experiments With Variations of the Order of Addition of the Different Components 
of the Experimental Mixture 


The object of this series of experiments was to determine whether the SH groups of the enzyme protein 
serve to bind it to the coenzyme or substrate. 


A. Interaction of SH Groups of the Apoenzyme With the Coenzyme 


The following experiments were carried out to find whether the function of the SH groups in the apoenzyme 
is to bind the apoenzyme to the coenzyme. 


The components of the experimental mixture were introduced in the following sequence into the main 
space of the Warburg vessels: 1.5 ml of 0,2 M phosphate buffer at pH 6.2; 0.2 ml of a solution of Mg** (4,1 
yt mole) and Mn** (0,054 p mole) in the form of chlorides; 1 ml of apocarboxylase. The remaining components: 
0.1 ml (0.3 y mole) of TPP in the TPP-Tz or TPP-SH form; 0.1 ml (0.14 » mole) of p-CMB, were added in 
different sequences and after different intervals (see scheme). 0.2 ml (0,090 millimole) of sodium pyruvate 
was introduced into the side tube, 
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Scheme of Experiments to Determine the Possibility of Interaction of SH Groups 
in the Apoenzyme With the Coenzyme 


Variant Main space Side tube 

1 (control) TPP sodium pyruvate 
2 TPP; after 2 minutes, p-CMB sodium pyruvate 
3 p-CMB,; after 2 minutes, TPP sodium pyruvate 


Fiom the results of these experiments, given in Figure 2, it is seen that the activity of the system in 


which it was possible for TPP to be bound to the apoenzyme (TPP was introduced before p-CMB) did not differ 
from the activity of the system in which such bonding could be blocked (TPP added after p-CMB). 


liters CO, in 30 min 


Figure 2, Inhibition of carboxylase activity by p-CMB 

(0.14 » mole) with different methods of making up the 

experimental mixture: reconstructed system containing 
TPP-Tz —I; containing TPP-SH — II; 1) control (without 
p-CMB; 2) p-CMB added 2 minutes after addition 

of TPP; 3) p-CMB added 2 minutes before addition 


It may be concluded from these results that 
TPP, either in the TPP-SH or in the TPP-Tz form, 
does not protect the system against the inactivating 
action of p-CMB, and that TPP does not compete 
with p-CMB for the SH groups of the enzyme protein, 


B. Interaction of the SH Groups of the 
Apoenzyme With the Substrate 


The following experiments were performed 
to determine the possibility of interaction between 
the SH groups of apocarboxylase and the substrate. 


The individual components of the experimental 
mixture were introduced into the main space of the 
Warburg vessels in the following sequence: 1.4 ml 
of 0.2 M phosphate buffer at pH 6,2; 0.2 ml of a 


of TPP. solution of Mg** (4,1 » mole) and Mn** (0,054 

u mole) in the form of chlorides; 1 ml of 
apocarboxylase, The remaining components; 0,1 ml (0.3 y mole) of TPP as TPP-Tz or TPP-SH; 0,2 ml 
(0.090 millimole) of sodium pyruvate; 0,1 ml (0.014 » mole) of p-CMB, were added from the side tube in the 


sequence shown in the following scheme: 


Scheme of Experiments to Determine the Possibility of Interaction of SH Groups 
in the Apoenzyme With the Substrate 


Variant Main space Side tube 
1 (control) TPP sodium pyruvate 
2 sodium pyruvate TPP, p-CMB 
3 —_ sodium pyruvate, TPP, and p-CMB 
4 TPP p-CMB and sodium pyruvate 
5 p-CMB; after 2 minutes, TPP 


sodium pyruvate 


The results of the experiments (Figure 3) showed that the reconstructed carboxylase system, in which 
pytuvate was added to the apocarboxylase 10 minutes before p-CMB and TPP (columns 2) was, on the average, 
20-30 % more active than the system in which pyruvate, TPP, and p-CMB were added simultaneously to the 
apocarboxylase (columns 3), or in which pyruvate was added together with p-CMB but without TPP (columns 4), 
However, the system in which p-CMB was added before addition of pyruvate was practically devoid of activity 
(columns 5), 


It follows from these experiments that if the thiol poison is added to the apoenzyme before addition of 
the substrate (pyruvate), it apparently blocks the regions in the protein which should interact with the substrate, 
Addition of the substrate before, or even together with, the thiol poison makes such interaction possible to a 

certain extent and leads to retention of considerable enzymatic activity, despite the presence of the poison. 
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p liter CO, in 30 min, 
8 8 


Figure 3. Inhibition of carboxylase activity by p-CMB 
(0.14 y mole) with different methods of making up 
the experimental mixture: coenzyme TPP-Tz; 

II) coenzyme TPP-SH; 1) control (without p-CMB); 

2) pyruvate added before p-CMB and TPP; 3) pyruvate, 
p-CMB, and TPP added simultaneously; 4) TPP added 
first, then p-CMB and pyruvate simultaneously; 

5) p-CMB added first, then pyruvate, then TPP, 
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150 
p-CMB 

O 
50 

a 


Time in min, 


Figure 4, Dynamics of inactivation of carboxylase 
by p-CMB (coenzyme TPP-Tz): 

I) control; II) system to which p-CMB was added 
during the experiment. 


Thus, pyruvate has a protective effect, and shields 
the enzyme protein from inactivation by the thiol 
poison, 


Dynaniics of the Inhibition of 
Carboxylase Activity by p-CMB 


To study the dynamics of inhibition of 
carboxylase activity, experiments were carried 
out in which p-CMB was introduced after a 
definite time interval. A system to which p-CMB 
was not added served as control. 


The test solutions were made up as follows.. 


The main space of the Warburg vessels 
contained: 1,4 ml of 0,2 M phosphate buffer, 
pH 6.2; 0,2 ml of a solution of Mg** (4,1 » mole) 
and Mn**(0,054 y mole) in the form of chlorides; 
1 ml of apocarboxylase, 0.1 ml (0.3 y mole) of 
TPP-Tz; 0.2 ml (0,090 y mole) of sodium pyruvate. 


The side tube contained 0.1 ml (0,14 » mole) 
of p-CMB, The final volume was 3 ml; the final 
pH, 6.2. The gas space was air, Incubation at 
30°, 


Figure 4, shows that with this method of 
making up the experimental mixture the inhibiting 
effect of p-CMB does not appear at once, but only 
after a “latent” period, 


Protective Action of Pyruvic Acid in 
Inactivation of Carboxylase by p-CMB 


For studying the protective action of pyruvate 
in inactivation of carboxylase by thiol poisons, two 
concentrations of p-CMB were used: 0,084 » mole 
and 0.15 p mole in 3 ml of the solution, causing 
50 and 100 % inhibition of carboxylase, respectively 
when the experimental mixture was made up by 
the first method (see variant I, below). 


Two variants of the procedure for making 
up the experimental mixture in the vessels were 
used, 


In both cases the components of the ex- 
perimental mixture were introduced into the main 
space in the following sequence: 1.4 ml of 0.2 M 
phosphate buffer at pH 6.2; 0,2 ml of Mg** (4.1 
pu mole) and Mn** (0,054 y mole) in the form of 
chlorides; 1 ml of apocarboxylase, and 0,1 ml 


(0.3 y mole) of TPP-Tz, Then, in one case, p-CMB (0,084 y mole or 0,14 y mole) was introduced into the 
main space, and 0,2 ml of sodium pyruvate solution of various concentrations was introduced into the side 


tube (variant I), 


In the second case the same amounts of p-CMB were placed in the side tube together with various 


concentrations of sodium pyruvate (variant II). 
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Figure 6. Effect of pyruvate concentration on 
carboxylase activiy in presence of p-CMB (0,14 
u mole): Designations as in Figure 5. 


Figure 5, Effect of pyruvate concentration on 
carboxylase activity in presence of p-CMB (0,084 

mole); 

1) p-CMB added before addition of pyruvate; 2) p-CMB 
added together with pyruvate; 3) control (without 
p-CMB), 0.068 millimole of sodium pyruvate, 
sufficient for maximum evolution of CO, in the given 
system, 


The diagonally shaded columns in Figure 
5 represent the activity of the system when p-CMB 
(0.084 p» mole) was added to the experimental 
mixture before introduction of pyruvate. A 
comparison of these columns shows that increase 
of the pyruvate concentration from 0.068 millimole to 0.136 millimole in 3 ml produces some increase of 


carboxylase activity. Further addition of pyruvate (up to 0,180 millimole) does not influence the carboxylase 
activity. 


The horizontally shaded columns in Figure 5 represent the activity of the carboxylase system with 
simultaneous addition of different amounts of pyruvate and of 0.084 » mole of p-CMB from the side tube, 
In these conditions the protective action of pyruvate is much more pronounced than in the previous case, .ad 
in presence of 0,084 y mole of p-CMB, pyruvate in a concentration of 0,136 millimole per 3 ml exerts 
practically a 100 % protective action against the inhibiting effect of p-CMB, 


If 0.14 mole of p-CMB in 3 ml, an amount enough for complete inhibition of carboxylase activity 
(for variant I), was added from the side tube together with the pyruvate, then the pyruvate, although exerting 
an appreciable protective effect, did not eliminate the inhibition completely (Figure 6). 


Thus, 30% activity is retained at a pyruvate concentration of 0,068 millimole per 3 ml, and 50-55% at 
0,090 millimole per 3 ml, Further increase of pyruvate concentration did not increase the effect (horizontally 
shaded columns in Figure 6), However, when 0.14 pmole of p-CMB was introduced before addition of the 
pyruvate, the latter had no appreciable effect at any of ihe concentrations tested (diagonally shaded columns 
in Figure 6), 


DISCUSSION 


Two series of experiments were carried out to determine the location of the SH groups in carboxylase, 
necessary for its enzymatic activity. In the first series silver nitrate was used as the thiol poison, It was added 
to apocarboxylase in quantities sufficient to produce 90 % inhibition of activity in the complete reconstructed 
system, Removal of apocarboxylase by washing after treatment with AgNOg before addition of the coenzyme 
and the other components of the complete system did not result in reactivation, The inhibiting effect AgNO, 
remained the same regardless of whether TPP was used in the thiazole or thiol form, 


In the second series of experiments the thiol poison was p-CMB, and the procedure differed by the fact 
that some components of the complete reconstructed carboxylase system were added in different order. A 
comparison of the enzymatic activity in such tests showed that the inhibiting action of p-CMB does not depend 
on the form in which the TPP is used — thiol or thiazole. Introduction of TPP into the system before addition 
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of p-CMB did not decrease the inhibiting action of p-CMB. It is highly significant that T?P has no protective 
effect when cither its thiazole or its thiol form is used. In experiments performed to determine the relation- 
ship between the amount of p-CMB and the degree of inhibition produced by it, TPP did not exhibit a protective 
action even at a relatively very high content. The thiol form did not prove any more active than the thiazole 

form in this case also, 


However, the substrate for the enzymatic reaction — pyruvate — exerted a considerable protective action, 
If the amount of p-CMB taken was enough to depress the enzymatic activity of the complete system by 50 %, 
introduction of pyruvate before addition of the inhibitor sharply decreased the effect of the thiol poison; with 
an increased pyruvate concentration the activity of the system was equal to the activity of the control. Even 
when the amount of p-CMB was raised to a level at which the system is completely inactivated, previous 
addition of pyruvate, especially in high concentrations, resulted in retention of a considerable proportion of the 
activity of the system, If pyruvate and p-CMB were added together, the protective effect was also quite 
appreciable; this is probably because some time is needed for poisoning of the thiol groups, as was shown by 

us in special experiments, 


All these results show quite convincingly that the SH groups necessary for the carboxylase reaction be- 
long to the enzyme protein and not to the coenzyme. 


In addition to this main conclusion, another conclusion may be drawn, in relation to the role played 
by these SH groups, It is quite evident that addition of TPP to the apoenzyme does not occur through the SH 
groups. If this was so, then addition of TPP before introduction of p-CMB, or in a high relative concentration, 
should affect the enzyme activity, at least to a small degree, It is more likely that the SH groups are the 
centers in the carboxylase enzyme protein through which it is joined to the substrate, Pyruvate protects 
carboxylase against the action of the thiol poison because it competes with the latter for a position in the 
protein, It is possible that the interaction of p-CMB and AgNOg with SH groups of the protein proceeds by at 
least two routes or in two stages, of which the first is fairly brief and reversible, and the second is slower but 
irreversible, This explains why, if apocarboxylase is treated with thiol poisons before addition of pyruvate, 
the latter no longer exerts any appreciable protective action. The protective effect is therefore especially 
great if the pyruvate is introduced into the system before addition of the thiol poison, and it is somewhat 
weaker if the pyruvate and p-CMB are added simultaneously, The protective action of pyruvate against the 
poisoning of yeast carboxylase (natural system) by thiol poisons had already been discovered earlier by Stoppani 
[16]. However, we have studied this effect in a reconstructed system. The relationships were demonstrated 
more distinctly, and we were therefore able to establish, with a fair degree of certainty, the function of the 
SH groups in carboxylase, necessary for bringing about the enzymatic reaction, and the location of these groups. 


SUMMARY 


The SH groups responsible for the decarboxylation of pyruvic acid in yeast carboxylase belong to the 
protein portion (apoenzyme) of the enzyme molecule. Cocarboxylase does not protect apocarboxylase against 
the inhibiting action of p-CMB. Cocarboxylase and the inhibitor apparently combine with different groups 
of the enzyme protein, Reconstructed carboxylase systems containing either TPP-Tz or the thiol form of TPP 
are equally sensitive to thiol poisons, 


Pyruvate has a weak protective effect against inactivation by thiol poisons if it is introduced into the 
systein after them, but the protective effect is much greater if pyruvate is added simultaneously with the thiol 
poisons, and especially if it is added before them, Pyruvate probably combines with the same thiol groups of 
the protein as the inhibitor, 


I express my deep gratitude to V. A. Engelgardt and R. L. Tatarskaya for their constant interest and 
valuable advice in the course of this work, 
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INVESTIGATION OF THE RESERVE PROTEINS OF THE 
SOYBEAN BY MEANS OF THE ULTRACENTRIFUGE 


V. L. Kretovich, T. I. Smirnova, and S. Ya. Frenkel 
A. N. Bakh Institute of Biochemistry, Moscow, and Institute of High Molecular 
Compounds, Acad, Sci. USSR, Leningrad 


Danielsson [1] studied soybean proteins isolated from the whole seeds, by means of the ultracentrifuge. 


He obtained soybean globulin by saturation of a 10% salt (NaCl) extract of the ground beans to 70% with 
ammonium sulfate, the precipitate then being dissolved in 0.2 M NaCl, followed by precipitation with dialysis. 
Two sedimenting components with sedimentation constants S = 13.1 and 8,0 (Svedberg units) were obtained in 
a buffer solution of ionic strength I = 0,3 and pH 7.0, 


Naismith [2] made an ultracentrifuge study of soybean globulin prepared by Osborne and Campbell's 
method [3]. The protein was prepared after dialysis of a 10% salt (NaCl) extract of defatted soybean flour; 
the sedimentation constants of the components were 7.5, 11.4, and 16.3, Naismith also fractionated the 
proteins present in a salt extract from soybeans by means of ammonium sulfate. He isolated two components, 


with sedimentation constants of 7 and 11, comprising 35% of the total protein, and corresponding to the globulin 
fraction, 


It must be stressed that when proteins are extracted from the whole beans, proteins from different 
morphological parts of the bean — germ, cotyledons or endosperm, aleurone layer — are obtained, which differ 
sharply both in their physiological functions and in the nature and composition of the proteins present in them, 
To obtain more homogeneous preparations of the reserve seed proteins, they must be extracted from the 
cotyledons or endosperm separated from the germ and seed coats, At the same time, in order to avoid de- 
naturation, all the operations in the extraction must be carried out at a low temperature, and the drying must 
be effected by the lyophilization procedure, 


The purpose of the present work was an ultracentrifuge study of the albumin and globulin fractions 
isolated from soybean cotyledons under the above conditions, In addition to determinations of the homogeneity 
and molecular weights of the protein preparations, it was desirable to determine the nature of the changes in the 


proteins under the action of cysteine which, as was shown earlier, makes soybean globulin soluble in distilled 
water, 


EX PERIMENTAL 
Preparation of the Proteins 


Soybean cotyledons, free from germ and seed coat, were ground in a porcelain mortar until a coarse 
meal was obtained, which was defatted by ether in a Soxhlet apparatus. The defatted meal was again ground 
to flour in a porcelain mortar and sifted through a silk screen, The finely ground defatted flour was extracted 
with 10% NaCl overnight at 4, The solution was centrifuged, filtered through paper pulp in the cold, and 
dialyzed in cellophane bags against distilled water. The dialysis was continued for 24 hours in the cold (to a 
negative reaction for chloride ions), At the end of the dialysis, globulin was precipitated in the form of a fine 
suspension which could not be separated by centrifuging, The solution was acidified with dilute acetic acid 
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to pH 5.6; this precipitated the globulin, which was separated from the albumin solution by centrifuging, 

The albumin solution was filtered through paper pulp and dried by lyophilization, The globulin was redis- 
solved in 10% NaCl, the solution was dialyzed in the cold against distilled water, the precipitated globulin 
was separated by centrifuging, washed repeatedly with redistilled water, and dried by lyophilization in the form 
of a suspension, The albumin preparation contained 14,4% nitrogen, and the globulin 16.4% calculated on the 
ash-free protein, 


The Svedberg oil ultracentrifuge was used, at speeds of 60,000 and 50,000 revolutions/ninute, for 
studying the proteins; the course of sedimentation was observed by Lamm's combined scale method [4] and 
Svensson's inclined slit method [5]; in calculation of the sedimentation coefficients,standard corrections were 
applied to reduce the values to pure water and 20°, The calculation methods are described in adequate detail 
by Svedberg and Pedersen [4]. The diffusion coefficient of albumin was measured by means of Lamm's 
diffusion apparatus equipped with an optical scale, a thermoregulator maintaining the temperature to an 
accuracy of 0,005°, and an automatic device for photographing the scale [6], The diffusion coefficients for 
the components of the globulin fraction were evaluated from the sedimentation diagrams, The diffusion 
cov |/icients were also reduced to pure water and 20°. 


Investigation of the Albumin Fraction 


A 1% protein solution was prepared in all the experiments, The weighed protein was dissolved in 
distilled water immediately before the experiment, The experiments were performed at 60,000 revolutions/ 
minute, The course of sedimentation was followed by Lamm's combined scale method, 


The results are given in Figure1,a andb, The sedimentation diagram for the albumin fraction, at the 
speed used (average acceleration 260,000 g ) shows one fairly rapidly spreading peak and a relatively flat 
rise of the concentration gradient near the bottom of the cuvette; this indicates the presence of polypeptides 
of relatively low molecular weight in the solution [7]. 


Figure 1, Sedimentation diagram of the albumin fraction, 
determined by means of Lamm’s combined scale 

method; 

time from start of experiment: a) 35 minutes; b) 

70 minutes; X(in mm) is the distance from the axis of 
rotation; dc/ dx is the concentration gradient in the 
radial direction; Z = const.dc/dx 


An experiment was simultaneously performed in the diffusion apparatus, The weighed protein was again 
dissolved’ in distilled water immediately before the experiment. Figure 2 shows, in normal coordinates [8], 
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the experimental diffusion curve (1) and, for comparison, the ideal (gaussian) curve (2). The experimental 
curve is quite symmetrical about the central coordinate; this indicates absence of any hydrodynamic or 
thermodynamic interaction between the macromolecules (that is, absence of any concentration effects), At 
the same time, the experimental curve differs sharply from the idea] curve, being essentially the result of 
superposition of two or more gaussian curves corresponding to components with greatly different diffusion 
coefficients, Thus, the diffusion determinations also indicate the presence of an impurity of low molecular 
weight. 


The diffusion coefficient of the albumin fraction was calculated by the second m9 zero moment method 
(Dg ) and by the ordinate and area method (D,) [8]. While for D. values of 12 x 10" "em!/ second were 
obtained, practically independent of time, the Values of Dym were much higher (23.5 x 10° 7 om?/ second at 
10 — 14 hours) and decreased with time, tending, at the limit, to the same value of 12 x 10°’ cm*/ second. 
This dependence of Dg on time is caused by the rapid diffusion of the impurity of low molecular weight, 
the concentration of which in the diffusion cuvette is gradually equalized, so that at very long diffusion 
times the diffusion of the main component is measured against a “background” of the uniformly distributed 
impurity. As is knowt, the coefficient D,, in contrast to Dym, is practically insensitive to the presence of 
small amounts of low-molecular impurities [8], and it should therefore correspond to the main component. 


Figure 3, Sedimentation diagram for the globulin 
fraction, 

Figure 2, Diffusion curve for the albumin fraction: 1) 40 minutes; 5) 80 minutes after the start of 

1) experimental curve; 2) ideal curve. sedimentation, 


The sedimentation constant S A of this component was 1.98 + 0.03 Svedberg units, 


Thus the albumin fraction obtained from soybean cotyledons consists of a homogeneous protein with a 
polydisperse impurity of relatively low molecular weight, the presence of which was demonstrated by three 
methods (ascent of the concentration gradient curve at the bottom of the sedimentation cuvette, analysis of 
the diffusion curve in normal coordinates, and decrease of the coefficient Dym with time). 


The molecular weight of the main component was calculated from the Svedberg formula M= S/ Da * RT/ 
(1— Vp), where R is the universal gas constant, T is the absolute temperature, V is the partial specific volume 
of the protein, and p is the density of the solvent, in this case pure water, at 20. 


The value of V for an "average protein", 0,75 cc/ g [4] and T = 293° K were used in the calculations, 
In these conditions RT/ (1— Vp)=9.66 x 10"; the same value was used later for calculation of M for the 
proteins in the globulin fraction, 


Substitution of S$, = 1.98 x 10°!* and Da = 12 x 107” into the above formula gives M = 16, pie" The 
molecular weight of the impurity was evaluated from the formula M = In (Z, /2Z) RT/(1— Vp): 1/w* Axx [8], 
where Z, and Z, are the heights of the sedimentation curve at two consecutive points near the bottom of the 
cuvette (see Figure 1), A x is the distance between these points in cm, X is the distance of this region of the 
cuvette from the axis of rotation, and w is the angular velocity of the ultracentrifuge rotor, In this instance 

w* = 4x 10% Ax = 0,024 cm and X = 6.9 cm, while Z,/Z, = 1.47, which gives M = 5500, Since the impuri 
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appears to be polydisperse, this value is an average molecular weight, most probably of the second or third 
order (sce [7] on the questions of orders of molecular weights). 


Investigation of the Globulin Fraction 


The weighed globulin was dissolved in 10% NaCl solution immediately before the experiments. The 
experiments were performed at 50,000 revolutions/ minute, The course of sedimentation was studied by 
Svensson's inclined slit method, 


The sedimentation diagrams for globulin solutions, shown in Figure 3, clearly show two independently 
sedimenting components, the sedimentation coefficients of which (after reduction to 20° and pure water) are 
14,0 and 8,1 Svedberg units, which agrees with Danielsson's results [1]. We shall refer to these proteins as 
the Sy, and Sg components, For a more detailed analysis of the sedimentation diagrams, the experiment was 
repeated with the use of Lamm's optical scheme, It was thereby possible, by selecting the time when the two 
components were almost completely separated, to calculate their relative amounts, proportional to the areas 
of the corresponding regions of the sedimentation diagram (Figure 4), These areas were almost equal (+87, 
so that the Sy, and S, components are present in equal amountsin the globulin fraction, 


To determine the molecular weights of 
these two components from the last two diagrams 
(when the peaks had become sufficiently separated), 
the diffusion coefficients D were calculated; the 
values were found to be 5,80 for the S, and 4,02 
(x 10 *) for the Sy, component (values of D are 
reduced to pure water and 20°), Calculation by 
the Svedberg formula, written in the form 
M = (S/D) x 9.66 x 10%” (see preceding paragraph) 
gives M = 336,000 for the Sy, component and M = 
138,000 for the Sg component, It should be pointed 
out that because of the considerable error in 
determinations of D because of the small number 
of diagrams, the error in the determination of M 
exceeds 10% (although it is hardly greater than 
15%. More accurate values of M could be obtained 
if the components could be separated by additional 
fractionation and D determined for them by 
independent experiments, 


Figure 4, Sedimentation diagrams for the globulin 


fraction, determined by Lamm's combined scale With 
method: ‘time from start of experiment; a) 51 10 mg of cysteine hydrochloride was dis- 
minutes, b) 71 minutes. solved in 3 ml of distilled water, neutralized by 


sodium bicarbonate to pH 7, and 30 mg of protein 
was then added, The mixture was held for 30 minutes at 37. The dissolved protein was taken for the 
ultracentrifuge experiment, performed at 50,000 revolutions/ minute. The sedimentation was observed by the 
inclined slit method, 


The sedimentation diagrams, given in Figure 5, clearly show not two, but three components with S = 14 
(more exactly, 13.5), 10.7, and 8 (more exactly, 7.5) Svedberg units, The first and last of these are evidently 
the Sy, and S, components found in the salt solution, while the new Sy,; component could appear as the result 
of splitting of the Sy, or association of the Sg component, To settle this question, aa experiment was performed 
with the use of the Lamm method (Figure 6), and the individual peaks were separated by Svedberg's method 
[4]. It was found that the area corresponding to the Sy component is practically equal to the sum of the areas 
corresponding to the S, and Sy,z7 components, while the area of the Syqz component is considerably greater 
than the area of the S, component, From this it may be concluded that the Sy9,7 component is the dimer of the 
Ss component, The molecular weight estimations were carried out in the same way as for the salt solution, 
The diffusion coefficients of the components in ascending order were respectively 6.43; 3.64 and 3,97 x 107? 
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cm*/second, which gives M = 114,000, 245,000 and 322,000 (with the same error as before), 


Therefore the Syo,7 component must be the dimer of the S, component — the average values of M for the 
S, and Sy, components from the results of experiments in salt and aqueous (+ cysteine) solutions are 128,000 
and 330,000 respectively. The fact that D for it is less than for the heavier Sy, component indicates a greater 
degree of asymmetry in its molecule, which suggests that it is a longitudinal dimer. 


«mm 


Figure 5, Sedimentation diagrams for the globulin Figure 6, Sedimentation diagram for the globulin 


pk fraction treated with cysteine; time from start fraction treated with cysteine, determined by ‘ 
of sedimentation (in minutes): Lamm's combined scale method; time from i 
1-17; 2-22; 3-37; 4-47; 5-55 start of experiment, 50 minutes, 


If cysteine is added to the salt solution, the Sy», component does not appear, and the sedimentation 
diagram is of exactly the same form as in Figure 3, If NaCl (10%) is added to the protein dissolved in 
presence of cysteine, the Sy 7 component disappears, and the initial ratio of the S, and Sy, components is re- 
stored, Thus, formation of the dimer is probably the result of formation of extremely labile bonds between 


the globules of the S, compohent. The solvent action of cysteine still remains obscure, Purther experiments 
may shed light on this question, 


Our results, and literature data [9], indicate the possibility of association of individual protein components 
into larger complexes, and of their reversible dissociation to give the original components. These results 
confirm the view, put forward previously by Sgrensen, that proteins are systems of reversibly dissociating 
components [10], The formation and reversible dissociation of labile complexes of this type probably plays 
an important physiological role in the organism, 


SUMMARY 


Lyophilically dried preparations of albumin and globulin from soybean cotyledons have been studied by 
means of the ultracentrifuge. 


It is shown that the albumin fraction consists of a homogeneous protein and a polydisperse impurity of 
relatively low molecular weight. The sedimentation constant S, of this component is 1,98 4 0,003 Svedberg 
units, The molecular weight of the main component is 16,000; that of the low-molecular impurity, 5,000, 


The globulin fraction consists of two independently sedimenting components with sedimentation 


coefficicnts of 14.0 and 8.0 Svedberg units, The molecular weights of these components are 330,000 and 
126,000 respectively. 


In presence of cysteine of S, component forms a longitudinal dimer with S = 10.7 and molecular weight 
of 245,000, Formation of this dimer is the result of formation of some highly labile bonds, as the protein 
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passes into its original state even on addition of NaCl to the protein dissolved in water in presence of 
cysteine, 
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